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INTRODUCTION TO THE STUDY OF AIR BRAKES. 

The usual method of commencing the study of the air brake as a 
whole, or of any of the devices which it comprises is to learn first the loca- 
tion and relation of the different chambers and passageways of the indi- 
vidual devices involved and the various inter-connections which are made 
according to the different positions of the moving parts of the various 
mechanisms. All of this is well enough in its proper place, but it is a 
study of effect rather than cause — of results rather than principles; and 
the writer is more concerned with the principles and laws underlying the 
operation of the automatic air brake being understood than that the 
construction or detailed operation of any particular apparatus be committed 
to memory. If the laws and principles governing the operation of pneu- 
matic brake mechanisms are mastered at the outset, so that they are 
thoroughly understood, they can then be intelligently applied to any 
device or combination of devices which may have to be dealt with and the 
purposes, functions and merits of the apparatus can be clearly judged. 

It is, therefore, the purpose of the author to go somewhat into detail 
in describing the "Air Brake" as a mechanical device for accomplishing 
certain ends according to the operation of certain well defined principles. 
Its operation will be explained in a different way doubtless from what has 
heretofore been attempted, but by this method of treating the subject it is 
believed that much of the difficulty heretofore experienced in obtaining 
a knowledge of the air brake will be removed. 

If the student will sub-divide his consideration of the air brake into 
the following, viz. : 

WHAT IT IS (The mechanical parts of the apparatus) 

WHAT IT DOES (Controls the speed of trains) 

HOW IT DOES IT (By the movement of its parts and develop- 

ment of friction) 

WHY IT DOES IT (Physical laws governing its operation) 

HOW TO DO IT (Manipulation) 

AND THE (Good, bad or indifferent, according to its 

RESULTS condition, and the knowledge and 

judgment used in its manipulation), 
he will find his task much more easily and quickly accomplished. 

The air brake consists of a self-contained or closed system of recep- 
tacles and moving parts, and when in working order is charged with 
compressed air. Its operation is caused by opening and closing the 
main circuit of the system to the atmosphere, which produces a difference 
and equalization of the pressures in the system, that is, a difference in 
pressure causes the brake to apply or release and an equalization or balance 
of pressure causes it to remain released or to remain applied, and it makes 



no difference how these variations are brought about, whether by- 
human agency or any other cause, the effect is the same, and, obviously 
if the brake is to be automatic in its action (operated by the opening of 
the system) this must be the case. 

The fundamental automatic air brake system forming the elemental 
unit consists of: First, a compressor; 2nd, a brake pipe with closed 
ends; 3rd, a triple valve; 4th, a reservoir; 5th, a brake cylinder; 6th, 
mechanical connection between brake cylinder and brake shoe; and 7th, 
a brake shoe; the operating power being compressed air. To serve 
practical purposes, however, it is necessary on at least one vehicle to 
add a storage reservoir and an operating valve and on all vehicles a 
system of compound levers. 

From the compressor is a pipe (called the brake pipe) leading to a 
reservoir (called an auxiliary reservoir); in the pipe leading to the 
reservoir is a valve device (called a triple valve), having a moveable par- 
tition or piston and a slide valve which controls ports to and from the 
reservoir and brake cylinder, and to the atmosphere. The piston 
divides, except to a limited extent, the air of the brake pipe from the 
air of the reservoir, thus permitting the pressure relation of these vol- 
umes to be changed. The reservoir contains the air that, when it is 
desired, passes to the brake cylinder forcing out its piston, thus moving 
the system of levers and exerting the power that applies the brake; the 
whole process of appl5dng and releasing the brake being brought about 
by reducing and increasing the brake pipe pressure, thus causing the 
movements of the piston and slide valve above referred to. In the pipe 
between the compressor and the valve device is located a valve (called a 
brake valve) which is operated manually, and, when moved to one position 
(called release position) permits the air from the compressor to flow to 
the brake pipe and force the piston of the triple valve to release position, 
charging the reservoir. When moved to another position (called appli- 
cation position), this valve permits of the brake pipe being opened to 
the atmosphere, thereby reducing the pressure on the brake pipe side of 
the piston of the triple valve, so that the then higher pressure in the 
reservoir can push the piston, which can move a short distance before 
it moves the slide valve, toward the brake pipe, closing the limited 
communication between brake pipe and reservoir. Then, having come 
in contact with the slide valve, it drags it along until the outlet from the 
brake cylinder to the atmosphere is closed and a passage opened from the 
reservoir to the brake cylinder. As the air wiU now reduce equally, 
and at the same rate, on each side of the piston, until the reduction in 
the brake pipe ceases or until the air in the reservoir and cylinder reach 
equal pressures, the piston and slide valve will remain stationary. In 
the event of the reduction in the brake pipe being made short of the 
equalizing point of the reservoir and the brake cylinder (by using the lap 
position hereinafter mentioned), the piston will return in the direction 
of release and by means of a small valve (called a graduating valve) which 
is attached to the piston and moves with it, closes the port from the 
reservoir to the brake cylinder, thus stopping the flow of air. This movement 
takes place because when the outlet from the brake pipe to the atmosphere 
was closed the stiU open ports from the reservoir to the brake cylinder 



permitted the reservoir pressure to fall slightly below that of the brake 
pipe, the higher pressure then moving the piston toward the lower pressure. 
The reason the piston does not make its full traverse toward release 
position is because the friction of the slide valve makes it a resistance 
block, which the slight difference of the pressure required to move the 
piston only cannot overcome. Therefore, when the piston comes in 
contact with the slide valve, it is stopped and remains in that position 
until the balance of pressure is destroyed when it will move again, and of 
course in the direction of the lowest pressure; thus it will be seen that 
either a full or partial application of the brakes can be made. 

The brake valve has still another position (called lap position) and 
when the valve is moved to this position all ports are closed, that is, 
there is no communication from the compressor to the brake pipe nor 
from the brake pipe to the atmosphere; this position of the brake valve 
is to be used only when the brakes have been applied and it is desired 
to hold them applied, for, obviously, the increase of pressure necessary 
to release the brake or the further decrease in brake pipe pressure necessary 
to further apply the brake will not take place at this point as long as the 
valve is in this position. 

The brake is released by increasing the pressure in the brake pipe 
above that of the reservoir, by admitting more air to it through the brake 
valve, thus forcing the triple valve position and slide valve to release 
position which opens a passage from the brake cylinder to the atmosphere ; 
or, if the car is detached from the source of pressure, by exhausting the air 
from the auxiliary reservoir and brake cylinder, means being provided 
for this purpose. 

All the things mentioned in the foregoing must be present in an 
automatic air brake system, and it is not complete or operative if any 
one be absent; in practice, however, other parts or accessories are added 
for many reasons that will be apparent as the reader becomes familiar 
with the elements of the brake system and the many conditions to be met, 
but which it is not proper to incorporate here, as this article is intended 
only to deal with the essentials and not the modifiers of the system. 

So far we have considered only the smallest number of parts in an 
air brake unit and while no matter how many times some of these parts 
are duplicated, as, for instance, a train of 100 vehicles as compared with 
a train of two vehicles, the cause of operation remains the same, yet 
the addition of each part or car makes more difficult the producing of 
the cause of the operation of the air brake, namely, the difference of 
pressure between the brake pipe and reservoir essential to its applica- 
tion and release. The reason why it becomes difficult is because the 
volume of air to be changed in pressure increases so that when the train 
consists of, say, fifty cars, the volume of the system is increased tremen- 
dously as compared with a train of, say, five cars. Therefore, the reduc- 
tion in pressure takes place so slowly that a difference in pressure between 
the brake pipe and reservoir is more difficult to obtain, for, while the 
partition which divides these volumes may ftdfill its purpose effectively 
with a fairly rapid change of pressures, it may fail altogether where the 
change takes place very slowly, and in any event, the application of the 
brake, where the number of parts that go to make up the unit is great, 



becomes very slow because the pressure cannot flow to the cylinder at a 
more rapid rate than the brake pipe pressure is being reduced and, of 
course, the release of the brake (considering it as one) becomes slower 
with a long train than with a short one. It is this failure to take into 
consideration the time element in air brake operations that leads to so 
much improper manipulation and to so many misconceptions regarding it. 

If in the application of the principles which govern the design and 
operation of the air brake, the student will bear in mind that there can 
be no effect without a cause, the greatest difficulty in understanding not 
only why the brake operates, but also why at times irregular operations 
take place woidd be removed, and what follows is intended to illustrate 
this. 

Thus, the cause of a brake appljang is not, strictly speaking, a 
reduction in pressure, but the producing of a lower pressure in the brake 
pipe than that of the reservoir which moves the triple piston and slide 
valve; if this difference in pressure does not occur there can be no move- 
ment of the operating parts; and, conversely, it is not an increase in 
pressure, strictly speaking, that releases the brake, but an increase of brake 
pipe pressure above the reservoir which resists the movement of the 
triple piston toward release position, therefore, if there is any condition 
which prevents the attainment of this difference in pressure between 
the two vital volumes concerned, namely, brake pipe and reservoir, the 
movement of the triple piston will not take place, that is, the brake in 
the one case will not apply and in the other will not release. As an ex- 
ample of what is meant: if the air can feed back from the auxiliary reser- 
voir, through the feed groove or by a loose or stuck packing ring, to the 
brake pipe at the same rate as the brake pipe pressure is being reduced, 
the brake will not apply. If when the brake is appUed, in attempting 
to release it by increasing the pressure in the brake pipe, the reservoir 
pressure rises at the same rate, which may happen in the event of a loose 
or stuck packing ring or worn piston cylinder bush, the triple piston will 
not move to release position and consequently the brake will not release. 
In other words, the operations of the brake are produced not merely by 
a reduction or increase in pressure, but by differences in pressure (in fact 
all the air may be exhausted without applying the brakes unless the proper 
difference of air is created) the parts always moving toward the lower 
pressure when the difference is great enough to overcome the resistence 
of friction, etc., and remaining stationary when the pressures again become 
equal. 

The operation of the air brake is due to that property possessed 
by air of always tending toward a state of equilibrium with the atmos- 
phere or equaUty of pressure throughout any self-contained closed system. 
Thus, in the brake system, if, when pressures are equal, this relation 
is destroyed, the moveable parts upon which the pressures act will 
move in the direction of the lower pressure, and this movement may 
alternate in either direction according as the pressure is highest first on 
one side and then on the other of the dividing movable part. This is 
illustrated by the movement of the triple piston, which, when operating, 
first moves toward the lowering brake pipe pressure, then when the brake 
pipe pressure becomes stationary and the reservoir pressure becomes 



lower, because air is flowing from it to the brake cylinder, the direction 
of movement of the triple piston is reversed, and the triple piston moves 
toward the now lower auxiliary reservoir pressure, and, as this movement 
cuts off the flow of air from the auxiliary reservoir, a state of approxi- 
mate equilibrium now exists and the parts become stationary and will 
remain so until the relation of pressures is again changed. 

If these principles which govern the brake are understood, any 
problem involving the operation of the brake may be readily solved and 
this applies not only to one type of equipment, but to all types of auto- 
matic brakes. Here we see the difference between learning to trace the 
air through ports and passages and understanding the principles of oper- 
ation, 'for if the brake applies, the pressure of the brake pipe must have 
fallen below that of the reservoir; if the brake releases, the pressure in 
the brake pipe must be higher than that in the reservoir; if the brake 
does not apply or release, when apparently it ought, most certainly the 
difference of pressure essential to its operation is not being obtained 
and as the law in the case is positive and invariable, there can be no devi- 
ation from what is herein set forth. A realization of this will produce 
the state of mind necessary to approach a problem in connection with 
any particular device, for knowing what parts are subject to pressure, 
during the operation being considered, it becomes a comparatively easy 
problem to trace back from effect, which is necessarily in evidence, to 
cause, and, therefore, reach an intelligent conclusion as to whether the 
operation is normal or abnormal, or whether produced by defect or disease. 

It is plainly pertinent here to mention that when considering the 
operation of the air brake, it must be considered as a whole, and not 
the different valves separately, for each part is influenced by some other 
part and the brake operates as one equipment, combining everything in 
the system from the air inlet of the compressor to the angle cocks on 
each end of the train, therefore, any evidence of irregular operations in 
any particular part may be the effect, not of the defect or disease of that 
part but of some other in the system. For example, a brake may apply 
without any intentional brake pipe reduction having been made, this 
should not be taken as conclusive that there is an3rthing wrong with the 
triple valve on this particular car, for it may be due to the pressure in 
the brake pipe not being maintained constant by the feed valve against 
leakage; in other words, the triple valve may be more sensitive than the 
feed valve which is contrary to natural conditions. 

Again, the wheels may be slid under a car that has been running 
for a long time with no trouble of this kind; do not conclude that this 
car has too much braking power, for the trouble is probably due to the 
fact that the other cars in the train at this time are not braking as high 
as they should — thus the tendency of the properly braked car to stop 
more quickly than those under-braked permits them to pull or push it 
forward and thus causing the wheels to "pickup." These examples 
illustrate why it is so necessary to consider all the brakes in the train 
as one. 

While the expression "flow" is often used in connection with the 
movement of air, it should be understood to mean expansion, for air 
differs from a liquid to which the term "flow" is generally applied, in 



that it is compressible and, therefore, when under pressure will expand 
in any direction in which there is an opening, and yet the vesgel from 
which it expands or flows will still be full of air, while if a vessel is full 
of water and some of it is allowed to flow out, the vessel is no longer full 
of water for it has practically no expansive property. It is the tendency 
of the air to expand that produces at one and the same time the move- 
ment of the parts of the brake system and the change of presstire, though 
it does not follow because the pressure has been lowered that the air is 
less in amount, for it may be due to an increase in volume; in other words 
it is not pressure that passes from the different receptacles of an air brake 
system, but air, and the increase of pressure in the receptacle to which 
the air passes is due to the increase in the amount of air therein, arid will 
be great or small according to whether the volume of the chamber into 
which the air passes is small or large as compared with the chamber from 
which it expands. That is, it is the ratio of the two volumes that deter- 
mines the increase of pressure in the one for any given decrease in the other; 
thus, if the piston travel is long, the brake cylinder volume is greater 
than when the piston travel is short and therefore for a given decrease 
in the auxiliary reservoir pressure the brake cylinder will not increase 
to what it will if the piston travel is short, yet the same amount of air 
passes to the brake cyHnder in each case. 

The air in an air brake system only becomes less in amount when 
some of it escapes to the atmosphere; thus, the decrease of the auxiliary 
reservoir pressure during a brake application is brought about by en- 
larging its volume by adding to it the volume of the brake cylinder, 
temporarily when making a partial application, permanently during a 
full application. When the air has done the work required of it in the 
brake cylinder, it is permitted to escape to the atmosphere and its place 
in the system must be supplied by air from the compressor. 

No work is performed by the air in retarding or controlling the train 
until it reaches the brake cylinder, when it forces the piston out. To this 
piston, the levers, brake beams and brake shoes are so connected that the 
shoes are forced against the wheels creating friction between the wheel 
and the shoes, antagonistic to the adhesion of the wheel to the rail, thus 
dissipating the energy of the train and reducing its speed, or, as in grade 
work, preventing the accumulation of energy by not permitting the 
train to accelerate. The levers are not only used to transform the fluid 
pressure in the brake cylinder into a mechanical force, but to multiply 
it and this multiplication varies between predetermined limits, it being 
necessary because of this multiplication to provide for proper shoe clear- 
ance by fixing a standard brake piston stroke in the design. 

From what has been said, it will be seen that there are four elements 
involved in every brake operation, namely: 1st, time; 2nd, amount of 
reduction or change of pressure in the brake pipe; 3rd, amount of cylinder 
pressure obtained; and, 4th, percentage of braking power. Only one 
of these is fixed, viz., the percentage of braking power. That is, a 
given pressure in the cylinder gives a certain braking power; all the rest 
is variable. For instance, the time required to reduce the brake pipe 
pressiu-e a certain amount is varied by increasing or decreasing the length 
of the train because this changes the volume of air in the brake pipe. 



The amount of reduction required to obtain a given cylinder pressure 
is varied by the ratio of the reservoir to the brake cylinder and the cylinder 
pressure obtained from a given decrease in reservoir pressure is varied 
by the ratio of the brake cylinder to the resrvoir, which ratio is varied 
by an increase or decrease of piston travel, as this in effect increases or 
decreases the size of the brake cylinder. 

Plainly, then, all these elements must be kept in mind when con- 
sidering any problem involving train control and it is only by knowing 
the relationship existing between the different elements that the cause 
of the results obtained can be deduced. 

Not only does the foregoing enable us to understand the air brake, 
its operation, the causes of any irregular operation, and the necessity 
of proper operating conditions, but it proves that any system founded 
on these principles must operate. There remain, however, the ques- 
tions of intelligent application of these principles, durability, simplicity 
and capacity to meet all conditions, and it is in these that the equipment 
considered in this book is supreme. Still no mechanical apparatus is 
so good as to be perfect and it is therefore a foregone conclusion that 
many irregular operations of this equipment will occur, brought about 
by neglect, wear and tear, and lack of understanding on the part of those 
concerned in its care and operation. What will cause irregular operation 
of this equipment will do, the same with the other equipments; in fact, 
conditions that will make the old brake system very inefficient, and, in 
some cases valueless, will have little or no effect on this. Therefore if 
anything goes wrong (?) with this equipment, do not assume off-hand 
that the equipment is at fault, for it is probably reflecting improper 
operation or showing up the effect of "man failure" somewhere. Besides, 
blaming the wrong thing will never supply the remedy, while, if the true 
cause be found, it can be removed. 

In conclusion, I would like to impress upon all the importance of 
the air brake, for it is at once the greatest safety device ever known, the 
most profitable investment the railroads have, tremendously increasing 
the earning capacity, and is the best friend the engineer and trainmen 
have ever had, consequently, it behooves all to be vitally interested in 
obtaining the proper knowledge of it, to learn how it shoiild be manipu- 
lated and what is most important of all, that it should be properly cared 
for and maintained. 
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PREFACE 



It is not only of interest to the individual, but important to the real 
progress of any art, to have, in concrete, permanent form a record of the 
fundamental principles established and determining factors involved in 
the development of improved apparatus or methods, as well as to what 
extent the theoretical advantages of such improvements have been realized 
under the conditions of actual service. 

The paper which follows presents such a record. Broadly speak- 
ing, it covers the developments in the art of train braking, as applied to 
locomotive, passenger and freight service, during the past five or six years 
— a period characterized by a constantly increasing activity in all branches 
of transportation. 

In reprinting this paper, opportunity has been taken by the authors 
to make slight revisions which lack of time prevented completing in time 
for insertion in the printed Proceedings of the New York Railroad 
Club. 

The Westinghouse Air Brake Company, 
November, 1909. Pittsburgh, Pa. 



DEVELOPMENT IN AIR BRAKES FOR 
RAILROADS WITH A BRIEF REVIEW 
OF PAST AND PRESENT OPER- 
ATING CONDITIONS* 

By W. V. Turner and S. W. Dudley. 

The Importance of the Problem. 

In commencing this subject, we should like to state that the art of 
braking, or the application of brakes for the purpose of controlling 
trains, has received very little consideration outside of George Westing- 
house himself and a comparatively few scientific men throughout the 
world, and is therefore generally looked upon as the mere building of a 
piece of mechanical apparatus which can be applied in any haphazard 
fashion to the vehicle which it is intended to control. This, however, 
instead of indicating that the subject is a simple one, should be taken as 
evidence that the problems to be solved are exceedingly great, and we may 
say that there are comparatively few men in the world who comprehend 
what is involved. While we are going to attempt to-night to point 
out some of the problems and ho.w they have been worked out, it is 
only as humble students of the great science which George Westing- 
house so successfuU}' developed to a practical operation, — of an art in 
which no man has yet carried progress and improvement to the degree 
which would have been possible had he remained in active connection 
with the work. However, times were not ripe and other fields needed 
his genius and the air brake was left for many years to meet new 
problems and conditions as they presented themselves with the apparatus 
practically as he left it. We know of no other mechanical device which 
has successfully met so many changes in conditions spread over such a 
long period, as the air brake. 



*NOTE — Preceding the reading of this paper before the New York Railroad 
Club, the following remarks were made by Mr. Turner : 

There may be some who think an explanation is needed as to why such a 
long paper should be prepared for this evening. I can only say that it was our 
desire, as well as that of some other members, that a record of the development 
of the air brake be presented to this Club in such a comprehensive and complete form 
as to be useful as a reference in the future ; this record to contain also a statement 
of the principles underlying the art of train braking, with sufficient illustrations 
taken from actual seivice to demonstrate the soundness of these principles and the 
effect of the improvements made. 

To accomplish this object with a subject of such magnitude and complexity 
required a voluminous paper, but I assure you that notwithstanding its length every 
effort was made to keep it from being so CONCISE as to be OBSCURE. 

As the paper is too long to read at one meeting, particularly if time is to be 
allowed for some discussion, I intend to read as rapidly as possible those parts 
which are intended chiefly to refresh your memories, omit reading those parts which 
are more or less technical, as also the consideration of locomotive and freight 
brakes in so far as they diverge from the general proposition and read more 
carefully . those parts which cover the brake for passenger cars. 

As this cannot be done in a few words, I must crave your indulgence if the 
reading takes longer than is usual for your papers. 



6 Development in Air Brakes for Railroads 

Considering the subject of train braking as an art capable of being 
reduced to a more or less exact science, it is found at once to be a big 
proposition — quite too broad to be comprehensively treated in a single paper 
of this kind. It will therefore be necessary to omit much which would be 
of interest in connection with the evolution of the air brake as a factor in 
the material progress of the world, but it may be said that the air brake 
ranks next to Christianity, the press and the locomotive among those 
forces to which the material developments of the present, age are pri- 
marily due. We know that most of you will look upon this as a sweep- 
ing statement, but the intercourse between peoples depends absolutely 
upon the ability to control the medium of interchange. 

Starting and Stopping. 

The problems of deceleration, retardation and the flexible control 
of trains must receive more and more attention from a scientific and 
technical standpoint, in order that today theory and practice may be 
combined to produce the best results in the shortest time. This is nec- 
essary if the brake is to efficiently and satisfactorily meet the wonder- 
fully changed conditions which have developed since the invention 
of the quick action, automatic brake. The high speeds and great weights 
of the present day require that advantage be taken of every opportunity 
offered to increase and flexibly control braking power. 

Starting and stopping of trains are complimentary factors in the 
problem of making time between stations, therefore it is evident that the 
best results can only be obtained where both factors are given due con- 
sideration. Generally, the starting factor is the only one fully consid- 
ered, or, at least, the one more fully provided for, and this notwith- 
standing that better results can be obtained if both are considered and 
the more efficient brake system installed. 

In another sense, the question of stopping is the most important, as 
the safety of the service and the freedom from delays to a great degree 
depend upon it. The measure of the value of the brake is twofold — 
1st, the ability to stop in the shortest possible distance when necessary; 
and 2nd, to permit short, smooth and accurate stops being made in regu- 
lar operation, therefore both these factors should be considered when 
design is underway. 

Unfortunately, the brake is usually looked upon as a safety device 
onl}', and we believe it is because of the prevalence of this idea that its 
installation and maintenance do not receive the consideration it merits. 
Considering the investment, there is no part of the railway equipment 
that will give greater material returns than the brake when properly in- 
stalled, operated and maintained. If the brake could to some extent be 
separated from the idea or impression that it is a safety device only and 
proof advanced to show that it permits of the hauling of heavier cars; 
in fact, makes the heavy car possible— that it makes possible faster and 
more frequent service — as much or more than does the locomotive, the 
block signal and the. good road bed, and that, if given the consideration 
it should have, it would increase the possibilities, profits and value 
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of all these things — then, we believe, its importance would be more fully 
appreciated and, therefore, at least the same consideration be given to its 
design and installation that is accorded to other parts of railway equip- 
ment, A safety device, the brake is, par excellence; but it has other 
reasons for its existence. 

Very few, perhaps, realize that the brake under a single car is much 
more powerful than the locomotive that pulls the train, yet this will be 
apparent to any who examines the records of a dynamometer car alone 
attached to an engine, the stops being made by brakes on the dynamometer 
car. Few realize that it takes a locomotive perhaps five minutes, perhaps 
ten minutes, and a distance of some miles — six or seven — to attain a speed 
of sixty miles per hour. Imagine the state of affairs if it took a brake 
that length of time and distance to stop the train. The comparison is 
somewhat startling, but it is only because the condition is one of those 
commonplaces which have been taken for granted so long that they are 
accepted as inherent rather than being given the degree of consideration 
which their significance warrants. Fig. i is an illustration of the facts 
stated, taken from the records of a run during a series of tests at Absecon, 
N. J., 1907, the train being composed of a locomotive and ten cars. What 
it took the locomotive nearly six minutes and a distance of about three 
and a half miles to accomplish was overcome by the brakes in less than 
twenty seconds and within a distance of about one thousand feet. The 
broken line represents what the stop might have been if no brakes had 
been used, i. e., the train brought to rest by the resistance of the air, and 
journal friction — all of the elements so strongly contrasted ' in Fig. i are 
familiar in themselves but their reciprocal relationship is often overlooked. 
We are able to stop the average passenger train of today from a speed of 
sixty miles per hour in about twenty seconds time. To build- a steam loco- 
motive that would accelerate a train in the time and distance that the 
brake stops it, would be impossible, for in order to have the 
adhesion to the rails, which would permit of developing the required 
draw bar pull, the steam locomotive would have to weigh approximately 
twice as much as the train itself, which is, of course, prohibitive. Electric 
locomotives, however, are no longer to be regarded with uncertainty or 
as mere experiments and we have every, reason to believe that the 
electric locomotive will be able to accelerate a train to a speed of sixty 
miles an hour in certainly not more than a minute and a half, and 
probably not more than one minute's time. That means that the brake 
is going to be even more important in the future than it has been in the 
past. In proportion as we accelerate, we must perforce be prepared to 
decelerate. The ability to accelerate, or even to run at high speeds, must 
be measured by the ability to stop. 

As an example, however, of how little this is appreciated, we are often 
called upon to answer such a question as this, " In what distance should a 
train be stopped from a speed of fifty miles per hour " ? Perfectly simple, 
isn't it? Here we have one known factor, from which we are expected, 
apparently, to derive all the other factors which are of equal importance 
and must be known before an answer of any value can be given to such a 
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question. A few of these factors are : the light weights and loads of the 
vehicles composing the train ; the percentage of braking power used with 
engine and cars ; whether or not all wheels, including truck and trailer (if 
any), of the locomotive were braked; amount of coal and water on tender; 
what type of brake equipment was used; what pressures were carried; 
whether the train was accelerating or decelerating ; on a curved or straight 
track ; on an ascending or descending grade, or level ; the condition of the 
rail; whether the brakes were applied in service or emergency, or ordi- 
nary service and then emergency; the piston travel on each vehicle; the 
losses due to friction of parts, brake beam release springs, etc. ; wind re- 
sistance ; quality and thickness of brake shoes and method of hanging 
Ihem, for this affects materially the efficiency of the brake, both as to 
absorbing power and lengthening the piston travel which reduces the 
pressure otherwise obtainable. Furthermore, we do not intend to say that 
the precise effect of each of these could be accurately calculated, even 
though full information were at hand, and little thought will make it 
evident that each of the factors mentioned above may have a considerable 
influence on the length of the stop. 

We merely mention these things to show you the great importance of 
the air brake and the necessity for considering carefully what principles 
govern its action. It does not make very much noise. You do not hear as 
much about it in the papers as you do about electricity, for instance; yet 
it has been much more of a factor in railroad development up to the 
present time than electricity. 

The Application of the Problem. 

The application of a straight air brake is, comparatively, a very simple 
proposition, although it has had to meet many varied conditions. But 
with the application of automatic brakes the problem becomes altogether 
different; many very valuable features possessed by the straight air brake 
had to be sacrificed to obtain the one prime factor in the braking of cars 
that is certainly nearest the heart of every mianager of railway property 
in this country, that is, safety. 

We may say here that with the automatic brake on connected cars 
a pipe runs through the train which is charged with air and is in com- 
munication with a triple valve under the car and thaf, in turn, with an 
auxiliary storage reservoir which is charged with compressed air for the 
braking of the vehicle on which it is carried, which in its turn is con- 
nected to the brake cylinder whenever the brake is applied. Conse- 
quently, if anything ruptures the pipe, thereby permitting the air to escape 
from the brake pipe side, but not from the auxiliary reservoir side, of the 
piston of the triple valve, the higher auxiliary reservoir pressure then acts 
upon the piston of the triple valve, moves it toward the lower pressure, 
carrying with it the slide valve, which, in turn, registers ports communi- 
cating with the brake cylinder, and the compressed air in the auxiliary res- 
ervoir then flows to the brake cylinder and applies the brake. That is 
all there is to the automatic brake so far as its automatic feature is con- 
cerned. 
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When, however, the action of the brake on a rapidly moving train is 
carefully analyzed the factors affecting the final result are found to be 
most varied and complex in character. If the question were asked : " What 
stops a train " ? no doubt most of you would say that it is the f rictional 
force between the shoes and the wheels. That is the primary cause, but 
you can easily see that there must be some other factor in the case, be- 
cause, if the rails were made of ice, for instance, it is obvious that the 
application of the brake shoes to the wheels would not stop the train 
within a very long distance; it would simply lock the wheels so that they 
would slide, but only gradually overcome the momentum of the train. 
Again, if it were possible, when moving at a speed of, say, sixty miles 
per hour to lift the train from the tracks and then apply the brakes, you 
can readily see that the application would not stop the train. There 
must, therefore, be some other factor besides the friction of the shoes 
on the wheels, and that factor is the "adhesion" between the wheels and 
rail. Therefore, the highest possible retarding frictional force that 
can be obtained with a brake is such as would almost equal the adhesion 
of the wheels to the rail. If it is increased beyond this point, the wheels 
will slide, and, as you know, sliding friction is far less effective as a re- 
tarding force than rolling (static) friction, consequently, the stop would, 
not be made in as short a distance as when the wheels are kept revolving, 
but being retarded by the friction between wheel and shoe. We have 
endeavored to produce with our brakes a means for obtaining the highest 
average braking power possible that will not slide the wheels under aver- 
age conditions. That is all that can be done as far as brakes are con- 
cerned. You have heard, no doubt, of brake schemes whereby the ap- 
paratus would lock the wheels immediately in an emergency, and the 
train was thereby to be stopped in a shorter distance than by any other 
brake in existence. This is absurd, even if we neglect the flattening of the 
wheels that would result by such operation. The wheels must revolve, 
and in order to stop in the shortest possible distance the maximum braking 
power that will still permit this is required. 

Not only must the brake dissipate energy due to momentum when 
bringing a train to a stop but it must prevent the accumulation of energy, 
and this, at times, is its chief duty, as, for instance when descending a 
grade. A train of 3,000 tons commencing the descent of a two per cent, 
grade at a speed of ten miles per hour, would in three minutes, due to the 
acceleration of gravity alone, be moving at a speed of over 70 miles per 
hour, due allowance being made for air and internal resistances, and the 
kinetic or "wrecking" energy stored up in the train would be 490,000 
foot tons, sufficient to raise the train to a height of 160 feet. Thus you 
see that the brakes must dissipate in three minutes 490,000 foot tons if the 
speed at the end of this time is not to be higher than at the beginning. 

But the braking power at hand must be available not only for one 
application but for any number of them. With the automatic brake, the 
ability to recharge the auxiliary reservoirs has fixed the limit to the 
number of full applications obtainable. Therefore, in order to obtain 
the maximum possible safety with an automatic brake, two things are 
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necessary, first, the highest possible braking power ; and second, means of 
obtaining that power at any time, no matter how thoughtless or foolish 
the operator may be in wasting the air. 

What has been said cannot fail to impress all of us with the impor- 
tance of this problem of railroad operation, not only as affecting the safety 
of the passengers, the preservation of the freight, the protection of the 
rolling stock, but as also affecting economy of operation with respect to 
time and the earning power of both men and equipment, which is the im- 
portant factor in determining whether the investment is profitable or 
otherwise. Obviously, the more congested the traffic the greater the loss 
in all these things if the brake, its maintenance and operation, is not 
what it should be. It is true that the returns of the brake are largely 
indirect, as are those of the road-bed or from the coal that goes through 
the fire box, but they are none the less sure and of greater per cent. 
On the other hand, if neglected, the effect is much the same as indirect 
taxes, by means of which, as you know, one may be taxed into bankruptcy 
without knowing it. I 




The Requirements of a Brake. 

Where so much gain or loss depends upon the control of trains, it must, 
therefore, be remembered that although stopping power is the first, it is 
not the only consideration. In order to most efficiently meet the demands 
of modern service conditions and provide for those of the immediate 
future, the brake must combine flexibility and simplicity with safety, be- 
sides being perfectly interchangeable with existing apparatus and as far 
as human foresight and ingenuity can make it, fool-proof. A brief con- 
sideration of these requirements of a perfect brake will make manifest 
their fundamental bearing on the problem. 

A practically perfect brake must be automatic, durable, simple, always 
ready, responsive and flexible, the latter of which involves the elements of 
power, time and amount of reduction, and in addition it is imperative 
that in case of an emergency the maximum braking power contemplated 
in the design be obtained with the time and reduction elements reduced to 
a minimum, to the end that the stop be made in the shortest time pos- 
sible. For service or regular operation, however, all these elements 
should be extended, to the end that trains can be handled without shock 
and accurate stops made, and these factors vary in importance and degree 
according to the service. Where the speed is generally high, the power 
element should have chief consideration, while where the speeds are 
generally low, the other elements should have predominance in the de- 
sign. It is where the speed varies from very high to very low (and this 
is often the case) that all elements must have equal consideration and each 
be developed along lines that will mean the least sacrifice to the others, 
keeping in mind at all times that, in the event of danger, to stop is 
the chief consideration. These requirements are only fulfilled in the air 
brake, therefore, this will be the one considered. In order that the ne- 
cessity for the progressive development of the air brake may be in 
m.ind, a brief review of operating conditions is pertinent. 
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In making ordinary service stops in passenger service there are al- 
ways three things to be considered : accuracy, smoothness and the question 
of time. The shortest possible stop that can be made, is to fully apply 
the brake and allow the train to come to a standstill, but in so doing, 
two things are sacrificed — accuracy and smoothness. It certainly 
would not be a smooth stop, and the accuracy would depend entirely 
upon the judgment of the operator when making that particular brake 
application. The smoothest possible stop is to shut off and drift to a 
standstill. In this case, a great amount of time is sacrificed, and the 
point where the stop would be completed would be altogether indefinite. 
As a result neither of these methods can be used in practical operation. 

To obtain all three points mentioned, we must have means of apply- 
ing the brake with the maximum cylinder pressure that the speed will war- 
rant and when approaching the place at which the stop is to be made 
by this means, to feel our way to the proper point of stop and have com- 
paratively little pressure left in the cylinder when the stop is completed. 
Thus we make the shortest stop, smoothness and accuracy considered, that 
is possible. Then, having very little, if any, pressure in the cylinder to 
get rid of, when the signal to start is given, the start may be made imme- 
diately. The brake which possesses all these features is certainly a flexible 
one. The brake which originally possessed them to a maximum degree 
was the straight air brake. But this perfection is now also possessed 
to the same degree by the new passenger brake equipments to be de- 
scribed, and has been secured through means which insure a higher degree 
.if safety than ever obtained before in the art of braking. 

Coming now to the point of simplicity, the straight air brake also 
possessed this feature to a marked degree so far as operation is con- 
cerned. The same degree of simplicity will, perhaps, never be obtained 
in a purely, automatic system because, as you are aware, certain compli- 
cations arise in the operation of an automatic brake which are not 
present with straight air as, for instance, when a number of cars are 
coupled together. While it is, of course, desirable to keep the apparatus 
used as simple as possible, the fact that we have complications is not nec- 
essarily detrimental and it does not follow that a more complex system 
should not be adopted. We would not consider going back to the old 
wood-burning locomotive in place of the splendid, but vastly miore complex, 
locomotives of today, simply because the latter are much more complicated. 
It IS a question of results. If the results obtained justify the means em- 
ployed, that is sufficient. 

We feel that in the recent development of automatic brakes, espe- 
cially those for. passenger service, we have, all things considered, . in- 
creased the simplicity, greatly over that of the old standard. With the 
latter, proper operation depended largely upon the kind of man who 
handled it — his experience, knowledge of the brake, judgment and intui- 
tion ; being unable to graduate his release, he required a far greater per- 
ception of distance and speed and better judgment in making the stop, 
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also knowledge of the road, condition of the rail, and other factors that 
necessarily enter into automatic brake operation. These affected the 
operation of the old brake in a much greater degree than the new. 

Another feature of distinct advantage from an operating standpoint is 
that of " fool-proofness." By this we mean those characteristics of the 
design whereby the human element is reduced to the lowest possible fac- 
tor. With the old standard type of passenger equipment, it was possible 
to so use the air supply as to seriously reduce the available braking 
power in a comparatively short time. With the new equipments, this 
possibility is made vastly more remote, as maximum braking power is at 
all times available. Also, the auxiliary reservoirs being recharged as fast 
as the brake cylinder pressure releases there is always the same stored 
pressure to draw from. Moreover, the brake will always respond and for 
a given reduction the same cylinder pressure will result. As a conse- 
quence, the engineer, knowing just what results he is to obtain, will 
have more confidence in the brake and his own ability, and the results 
will be apparent both in the schedule and power consumed. 

The problems of installation, operation and manipulation, however, 
are infinite and the human equation is perhaps more of a factor than in 
.any other mechanical science. Yet, I venture to say, that many railroad 
officials give more consideration to the color of the paint used on the 
tolling stock than to the problems enumerated above; paint is looked 
upon as attractive, the brake often as a necessary evil, all of which 
proves that a man cannot know anything about that of which he has no 
conception, for, aside from any consideration of the safety feature, there 
are probably few investments that a railroad manager can make that will 
return as large a dividend as a good brake, properly installed and operated. 



Fundamental Principles in Brake Design. 

In the establishment of a logical basis of brake design, applicable 
to the conditions under which brakes in general must operate and involv- 
ing a determination of the essential factors of an elementary brake sys- 
'tera for any given car, we find that the starting point must be the light 
weight of the car. Fortunately, as we shall see later, this can usually 
be determined in advance to any desired degree* of accuracy. . In order 
to fix our ideas, suppose for an instant that the car was fully equipped 
with a complete brake equipment and by an analysis of the factors in- 
volved in stopping the car, determine how these factors may best be 
provided for in the design. 

Assuming that the wheels do not skid, the actual braking force 
acting on a car when the brakes are applied is the force of the friction 
between the brake shoes and the wheels, tending to retard the rotation 
of the wheels and thus stop the car. The relation which this bears to 
the energy stored up in the moving car, provided the " adhesion " of the 
wheel to the rail is not exceeded, determines the effectiveness of the 
brake and the, length and time of stop. The energy of the moving car 
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consists of two parts — that of the car as a whole due' to the velocity of 
translation and that of the revolving wheels, due to their rotation, 
and varies as the weight of the car and as the square of its velocity. 

The latter may be taken at about 5% of the energy of translation 
for 12 wheel cars and about 2% of the energy of translation for 8 wheel 
cars. In ordinary calculations, however, this factor is usually neglected, 
and properly so, because for modern rolling stock the resistances other 
than as derived from the brakes, such as internal friction, air resist- 
ances, flange friction and so on, has been shown by actual experiment 
to at least equal if not exceed the inertia effect of the revolving parts. 
Consequently a greater error is made by considering the energy of rota- 
tion imthout at the same time taking into account the resistances to 
motion which exist due to other causes than the brake shoes (which, it 
should be noted, are usually indeterminate and subject to considerable va- 
riation) than to assume that these two opposing factors neutralize each 
other. 

The frictional force between the brake shoes and v^eels depends on 
the pressure acting on the shoes and the coefficient of friction between 
the shoes and the wheels. In making a stop, therefore, the factors involved, 
so far as retarding the rotation of the wheels is concerned, are : 

1st — The brake shoe pressure commonly called the "braking power." 

2nd — Coefficient of friction between the shoes and the wheels, by 
which the brake shoe pressure must be multiplied in order to determine the 
actual retarding force. 

3rd — The weight resting on the wheels. 

4th — The velocity of the car. 

Sth — The rotative energy of the wheels, it being assumed throughout 
that the wheels do not skid. 

The only one of these factors which we can even partially control in 
service, or fix arbitrarily in designing the brake system, is the pressure on 
the brake shoes. Inasmuch as the wheels must not skid when the weight 
resting on the wheels is least— that is, when the car is not loaded— the 
light weight of the car must be taken as the basis of calculation re- 
garding brake shoe pressure, except in the case of some form of " empty 
and load" brake. Since the "braking power" is by custom, measured 
by a scale of percentages wherein loo per cent, represents a shoe pres- 
sure on each wheel eifual to the pressure of that wheel on the rail, 
the problem is then to determine and insure the obtaining of the proper 
relation between the brake shoe pressure and the light weight of the 
car. 

As pointed out above, the factors involved such as frictional co- 
efficients, speed, weights, etc., are so subject to variation in service that 
no theoretical conditions can determine the proper nominal percentage 
braking power (j. e., the ratio of brake shoe pressure to light weight of 
car), which shall best meet average road conditions. This can be fixed 
only by experiment and experience and is subject to modifications as con- 
ditions change or become m_ore thoroughly understood. For example, 
many years' experience has proven that go per cent, braking power for 
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passenger cars gives satisfactory braking effects with a reasonable margin 
against wheel sliding and sufficient power for service stops. This was 
determined by the results obtained on the lightest cars. So far as wheel 
sliding is concerned, a 1.50,000 lb. car braked at gsyi per cent, has prac- 
tically the same margin against wheel sliding as a 70,000 lb. car braked at 
90 per cent. But if the percentage of braking power is varied, the uni- 
formity of braking effect, other factors being the same, is lost. There- 
fore, the percentage of braking power determined as a satisfactory maxi- 
mum for the lightest cars is adhered to on all cars, in order to bring about 
as nearly as possible the uniform results which are necessary for sat- 
isfactory service operation. 

Having, therefore, chosen a certain percentage of braking power 
which should be obtained on all cars, it is evident that what actually is 
obtained, in any given instance, depends on the total leverage ratio and the 
pressure per square inch on the brake piston. It will be apparent that all 
resistances between the brake piston and brake shoes, such as release 
springs, reactions of hanger links, friction of rigging, etc., must nec- 
essarily be ignored until the essential factors in the design are deter- 
mined upon. 

The total leverage ratio is fixed within certain limits by purely me- 
chanical considerations, with regard to piston travel, shoe clearance, etc., 
and, once the foundation brake rigging is designed, remains always the 
same. 

Hence in any given case the percentage of braking power actually 
obtained depends entirely on the pressure existing in the brake cylinder, 
which varies in practice from zero to the maximum obtained when an 
emergency application is made. 

In designing the brake system for a car, therefore, the leverage ratio 
and size of brake cylinder must be so proportioned as to give the required 
braking power in pounds, with some arbitrarily chosen pressure in the 
brake cylinder. Evidently this braking power will be obtained in prac- 
tice when the brake cylinder pressure is that on which the design of the 
brake system was based. For any pressure lower or higher than this, 
the braking power, in pounds, will be correspondingly lower or higher 
than the nominal. Furthermore, the actual percentage of braking power 
(ratio of brake shoe pressure to weight on wheels) varies not only with 
the brake cylinder pressure but also with the condition of the car — 
whether loaded or empty. 

From a consideration of- these conditions it would seem practically 
impossible to insure absolute uniformity of brake action on different 
cars in service by any method of design. The best that can be done 
is to establish and adhere strictly to ,the assumed standards upon which 
such designs are based. These are : 

1st — The "percentage of braking power" in terms of the light weight 
of the car. 

2nd — The brake cylinder pressure upon which this percentage is based. 

The former, as has already 'been stated, must be determined from 
experiment and experience. The latter must be chosen arbitrarily, but it 
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should have the same value for all brake calculations, in order to insure 
a common base being universally used and understood. Fig lA graph- 
ically illustrates the relations existing between these two factors for dif- 
ferent weights of cars and total leverage ratios. The question now is, there- 
fore, " What brake cylinder pressure should be used as a basis in design- 
ing the brake systems of all types and classes of cars ? " 

With a given auxiliary reservoir charged to a standard pressure, and 
with a given brake cylinder having s'andard piston travel, a certain definite 
pressure of equalization is obtained, which is constant so long as the 
other factors involved are kept constant. 

When an emergency application is made, since a portion of the air in 
the brake pipe or other source of supply is used in addition to that in the 
auxiliary reservoir, the brake cylinder pressure is augmented in pro- 
portion, and a higher maximum pressure therefore obtained. Evidently its 
value must depend upon the relation which the supplementary volume bears 
to that of the auxiliary reservoir and brake cylinder combined. With 
equipments now in general use this ratio must necessarily decrease as the 
size of the car increases because the brake pipe volume remains prac- 
tically constant for all sizes of cars, while- the brake cylinder and auxiliary 
reservoir volumes increase as the size of the car increases. It then fol- 
lows that where air from the brake pipe alone is used to augment the brake 
cylinder pressure in emergency applications, the emergency pressure thus 
obtained must vary with the different combinations of auxiliary reservoir 
and brake cylinder necessary for different sizes of cars — the gain in pres- 
sure from this source over that obtained in full service equalization being 
greatest with the smallest sizes of auxiliary reservoirs and brake cylin- 
ders. 

Hence in choosing a brake cylinder pressure on which to base brake 
calculations, that obtained in emergency, which was satisfactory where 
the brake cylinders were of such size that a uniform pressure was ob- 
tained in both service and emergency, is now excluded at the outset — 
from the standpoint of uniformity — since in the nature of the case it 
is not uniform for all weights of cars. This is for the reason that we 
now have brake cyHnders varying from 6 in. to 18 in. diameter with 
widely varying pressures in emergency. And if the braking power de- 
sired is based on a brake cylinder pressure higher than can actually 
be obtained, then for lower cylinder pressures the brake is not so effective 
as it might be made, were the braking power based on the pressure actually 
obtained. The smaller cars which do obtain this pressure, give the cal- 
culated braking power in emergency, but the heavier cars cannot, and 
there is a loss, both in uniformity of emergency action and possible 
efficiency. 

On the other hand, for brake pipe reductions less than sufficient 
to produce equalization, the cylinder pressures obtained are uniform, 
provided the other factors are uniform in value and the pressure at which 
the auxiliary reservoir and brake cylinder equalize is supposed to be the 
same for all combinations of reservoirs and cylinders, with the same in- 
itial pressure. To obtain this uniformity it is only necessary to properly 
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proportion the reservoir volume to the brake cylinder volume for some 
standard piston travel. We then have a pressure base which will be con- 
stant when the other factors involved have their proper or standard 
values. It would then seem that this is the basis to which all braking 
power calculations should be referred, for the reason that it is the nearest 
approach to a uniform and constant pressure obtainable under the wide 
range of conditions governing this choice. This adds to the standards 
enumerated on page ii, the following: 

3rd. — This brake cylinder pressure must be the equalized pressure 

of the auxiliary reservoir and brake cylinder. 
4th. — A predetermined ratio between auxiliary reservoir volume and 
brake cylinder volume to produce this equalization must be ad- 
hered to. 
The fundamental steps in designing a brake system for any given car 
may now be outlined as follows : 

Given the light weight of the car — from results of experiment and 
experience — the proper braking power, per cent, has been established and 
this enables the total brake shoe pressure to be calculated. 

Mechanical considerations fix the total leverage ratio between certain 
limits, the maximum and minimum values of which enable a maximum 
and minimum total brake piston pressure to be calculated from the pre- 
ceding. 

This total brake piston pressure depends upon the size cylinder and 
pres.sure per square inch -jsed as a basis. The pressure basis to be used 
should be that agreed upon as a universal standard, for such calculations 
as this, and, as has already been pointed out, uniformity requires that the 
equalisation pressure (50 lbs. per square inch), from the lowest standard 
pressure carried, should be the base chosen. 

Having determined the unit pressure, the size of cylinder can be 
chosen from the standard sizes manufactured to give the desired braking 
power with a total leverage within the maximum and minimum limits as 
defined above. 

To obtain the desired 50 lbs. equalization pressure from the standard 
70 lbs. brake pipe pressure with a standard piston travel, is simply a mat- 
ter of correctly proportioning the auxiliary reservoir volume to that of 
the brake cylinder at the piston travel employed as standard. 

We then have an auxiliary reservoir which, at 70 lbs. initial pres- 
sure, will equalize with its brake cylinder, when this has eight inches 
piston travel, at 50 lbs., and the brake cylinder piston is of such an area 
that the total pressure thus obtained, when multipled by the total lever- 
age, will give a total brake shoe pressure equal to the desired percentage 
of the light weight of the car. 

To be sure, in an emergency application, the braking power on all cars 
will be greater than that used in the design and the lighter the car the 
greater the variation between service and emergency braking powers. 
But such non-uniformity in actual service is bound to obtain, and always 
has, since an increase to 90 lbs. or no lbs. brake pipe pressure, or a 
variation in piston travel produces similar results, to say nothing of 



Development in Air Brakes for Railroads 19 

losses due to leakage, resistances and variations in frictional coefficients. 
The advantage gained, however, by the method of design outlined is, 
therefore, in the fixing of a uniform and actually obtainable brake cylinder 
pressure, which is necessary for service operations and is one of the 
most important factors in the calculation to be made. 

It may be said in passing that with the more recent types of brake 
equipments for passenger service, using a supplementary reservoir vol- 
ume, in addition to that of a brake pipe to produce high emergency brake 
cylinder pressure, the size of supplementary reservoir used is calculated 
to give practically uniform brake cylinder pressures in emergency appH- 
calions with all sizes of brake cylinders, thus taking advantage of high 
pressures for emergency stops and at the same time conforming to the 
principles of uniformity laid down above, it being a fundamental princi- 
ple of modern brake design to keep the service equalization brake cylinder 
pressure comparatively low, for reasons fully explained elsewhere, and 
use as high an emergency equalization pressure (as large a supplementary 
reservoir), as may be desirable. 

In the attempt to secure a high emergency brake cyHnder pressure 
without the aid of the supplementary reservoirs referred to above, the 
relationship between brake cylinder and auxiliary reservoir volumes exist- 
ing in the original brake design was gradually lost; the auxiliary res- 
ervoir volume being increased slightly, from time to time, as heavier 
cars, requiring larger brake cylinders, were equipped. On the lighter equip- 
ment the variations thus introduced were relatively unimportant, but in 
the case of heavy cars, requiring the 16 in. and 18 in. cylinder, it was im- 
possible to increase the auxiliary reservoir volume sufficiently to obtain 
the desired emergency pressure, without at the same time interfering to a 
marked degree with the proper operation of the equipment in service. 
Consequently, a compromise was made, so as to obtain as high an 
emergency cylinder pressure as possible without increasing the service 
equalization pressure to an extent inconsistent with the proper normal 
fvinctions of the brake. 

By the aid of a supplementary reservoir volume, however, reserved 
during service operation, but available in emergency applications of the 
brake, it is now possible to obtain the required increase in stopping power 
for emergencies and at the same time return to the original volume re- 
lationships, the correctness of which had been established by long ex- 
perience. 

These relationships are determined by the following principles, 
which will be recognized at once as having been followed, perhaps more 
or less unconsciously, in even the earliest automatic brake designs : 

1st. — For any given arrangement of leverage between the brake cyl- 
inder piston and the brake shoes, the " braking power " is di- 
rectly proportionate to the gage pressure of air produced in the 
brake cylinder. (A) 

2nd. — The limitation of the maximum allowable pressure of air in 
the brake pipe limits thereto the available pressure in the aux- 
iliary reservoirs. (B) 
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3rd. — With this fixed maximum charge in the auxiliary reservoir, 
the highest pressure obtainable in the brake cylinder from this 
single source is that at which the air pressure equalizes be- 
tween the two. This (absolute) pressure, therefore, equals the 
product of the initial absolute pressure in and the volume of 
the auxiliary reservoir divided by the sum of the volumes of 
the auxiliary reservoir and of the brake cylinder (neglecting 
all clearance volume, temperature effect, etc.), and the "braking 
power" is as the corresponding gage pressure. (C) 
4th. — This pressure of equalization should be limited because its 
height determines the range of those differences between final 
auxiliary reservoir pressure and initial brake pipe pressure, which 
range affords the control of "braking power" applied. (D) 
5th. — That while low pressure of equalization limits " full service " 
pressure, yet small range precludes nicety of control, especially 
as from the range there must be deducted such initial difference 
of pressures as are necessary to overcome the inertia and fric- 
tion of the triple valve parts. (E) 
6th. — That to afford heightened brake cylinder pressure for use in 
emergency another quantity of air is necessary, and if this be. 
as in all past practice, that contained in the brake pipe, the result- 
ing absolute pressure will be equal, theoretically, to the maxi- 
mum absolute brake pipe pressure multiplied by the volume of 
the auxiliary reservoir plus the amount of air, in cubic inch 
pounds, obtained from the brake pipe, this sum then divided by 
the volume of the auxiliary reservoir plus that of the trake cyl- 
inder, and the measure of the resulting braking pressure is 
the gage pressure corresponding to this resulting (absolute) 
pressure. (F) 
Now, it is the interdependence and reactive results of these simple 
and recognized principles in their combinations, together with a cor- 
responding proportioning of leverages between the brake cylinder piston 
and the brake shoes that determine the relative efficiency of a brake design. 
From (F) it is seen that if other parts be enlarged the volume of 
the brake pipe, which is practically the same on all cars, becomes rel- 
atively small and the emergency pressure obtained is so insufficient 
that in the equipments for heavy rolling stock resort has been had to 
enlarged auxiliary reservoirs with a corresponding heightening of the 
"full service" pressure (C) and a resulting lessening of the range of 
control. (D) 

Again when (C) is heightened while (D) is lowered, the results of the 
lighter brake pipe reductions cause magnified effects in the service brak- 
ing, so that, when it is realized that such range as is possible is lessened 
by the lack of sensitiveness of the triple valve (E), the likelihood of 
roughness of service stops, becomes self evident. 
Such being the case, it is apparent: 

1st. — That there is a ratio of volume of auxiliary reservoir to that 
of brake cylinder that should not be exceeded. 
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2nd. — -That such service pressures as result in the brake cylinder 
should be made sufficient by a corresponding proportioning of the 
leverage. 

3rd. — That the volume of each car's part of the brake pipe should be 
supplemented by proper means so as to afford the required brak- 
ing pressure in emergency. 

Starting, therefore, with a brake cylinder of the size dictated by the 
vehicle to be equipped, as already explained, and by a proportioning of 
the leverage which shall accord with the service required, let us assume 
that 

C = Volume of brake cylinder, in cubic inches. 

P = Service equalization pressure, in absolute units. 

R = Volume of auxiliary reservoir, in cubic inches. 

a = Absolute initial pressure in the auxiliary reservoir. 

r = Permissible range of brake pipe reductions. 

We have first, from the above definitions, that 

r = a— P 

and from (C) above, neglecting clearance volumes: 

a X R 
=P 



R + C 
from which 

P 
R = -X C 



~ P 
= — XC 

r 

which may be expressed in the following law : 

The proper auxiliary reservoir iwlume, according to the principles 
laid down above, is equal to the volume of the brake cylinder determined 
upon multiplied by the ratio of the service equalisation pressure fixed 
upon as standard to the permissible range of brake pipe reductions. 

Assuming, as is current practice, that P ^ 50 lbs. per sq. in. (gage) 
and a = 70 lbs. per sq. in. (gage), then we have 

r = a — P = 20 lbs. 
and 

P 
R = — X C 

r 

6S 
= -X C 
20 

= sVi X C 
That is, the volume of the auxiliary reservoir should be 3^ times the 
volume of the brake cylinder. It is plain, however, that the effect of the 
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clearance volumes, leakages, temperature and other adverse influence will 
be such that to obtain the desired results in actual service a somewhat 
higher auxiliary reservoir volume must be used than that found by the 
above calculations, for example, with the standard 8-inch equipment, an 
auxiliary reservoir volume of 1620 cubic inches is used, which is about 
sYz times the brake cylinder volume. 

In determining the proper size of supplementary reservoir to be used 
— (F above)— a similar reasoning may be used. In addition to the sym- 
bols already defined, let 

S = Volume of supplementary reservoir in cubic inches. 

E = Absolute emergency equalization pressure. 
Assuming for the purposes of calculation that the emergency pressure is 
the result of the equalization of the brake cylinder, auxiliary reservoir 
and supplementary reservoir volumes, we have 

a(R + S) 

= E 

R-l-S-l-C 
whence, by proper substitution and reduction, we derive 

a(E-P) 

S = X c 

r(a-E) 

While the above expression is interesting as showing the simple rela- 
tion which exists between the various volumes involved in the typical 
equipment as we have assumed it, it must be clearly understood, ist, that 
we have supposed all the additional air supply in emergency to come . 
from the supplementary reservoir, having taken no account of that vented 
from the brake pipe ; and 2nd, that in any actual installation similar to 
that we have discussed, the equalization is dependent upon the movement 
of certain valves actuated by spring and air pressures in combination, the 
resultant effect of which is such that in the actual working equipment 
the state of affairs is by no means as simple as has been assumed for the 
typical equipment. Instead of equalization taking place between all the 
volumes concerned simultaneously, there are time limitations imposed on 
the rate of flow from the various sources of air supply to the brake 
cylinder, so as to derive the maximum possible benefit from the com- 
pressed air stored in each. There is also a material modification of these 
calculated results, due to the processes not being truly isothermal, as 
assumed, and so on. Proper allowance being made for these limita- 
tions, a formula might be derived, in the same manner as above, to 
completely cover the more complicated conditions, but as we are con- 
cerned here only with laying down the principles involved, it is unneces- 
sary to go further into details, particularly as these are accurately de- 
termined by experiment. 

In the above analysis, as is necessarily the case with all theoretical 
considerations relative to mechanical apparatus of this character, certain 
assumptions were made to furnish a basis from which to start. Hence, 
it should always be remembered that the formulae derived must be inter- 
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preted, for any given case, in the light of the morlification of these pri- 
mary assumptions which the nature of the installation or the character of 
the apparatus used, may involve. With this understanding, the above 
reasoning affords a logical and sound theoretical basis, not only for 
determining the correct proportions of new types of equipment, but also 
establishes a criterion, by means of which the shortcomings of incorrectly 
designed installations may be discovered. 

Past and Present Conditions. 

It is our effort tonight to show, not that the air brake has advanced 
relatively to the requirements, but that it has endeavored to keep pace 
with the developments of locomotion ; in other words, how and why we 
are able today to control and stop a train in approximately the same dis- 
tance as when the weight and length of the train was less than one-fourth 
of that today and the speed correspondingly slower, which is quite an 
accomplishment since the length of the trains and the volume of air 
employed have rendered this vastly more difficult as to service control 
and the weight to the extent that it would require at least twice the 
distance in which to stop if the old brake had to be used with present 
day conditions. 

In addition to the increased weight and speed of trains, there are 
of course, increased number of parallel tracks and frequency of trains. 




Fic. 3. American Type of Locomotive, 1879. 

These always bring with them braking problems quite as difficult of 
solution, and as necessary to be solved, as those which preceded them, 
particularly as the tendency is to neutralize or lower the value of many 
of the factors involved in producing and realizing retarding forces. 

It is difficult for one who has not given the subject careful thought 
to realize the great changes in railroad equipment and operative require- 
ments which have taken place since the introduction of the air-brake, 
but it is only necessary to review briefly these past and present conditions 
in order to appreciate the necessity for a similar development and im- 
provement of the apparatus used for controlling trains under these new 
conditions. 
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The following comparative tabulations comparing the conditions 
existing from 15 to 20 years ago and those of today with regard to extent 
of territory covered, capital involved, traffic handled, and so on, will 
perhaps illustrate the conditions that now have to be faced better than 
the mere statements which have just been made. 

Railroad Development from 1889 to 1909. 

Increase, 
1889. 1909. per cent. 

Miles of line IS3,38S 234,182 52.7 

Miles of track I9Sj9S8 340,000 73. S 

Net capital, etc $7,366,745,000 $13,508,711,000 63 .3 

Passengers carried 472,171,000 880,764,000 86.5 

Tons freight carried 539,639,000 1,486,000,000 I7S.3 

Locomotives, number 29,036 57,220 97.0 

Freight cars, number 829,885 2,113,450 154.6 

Employees, number • 704,743 1,524,000 116. 2 

Employees, compensation .... $389,785,564 $1,003,270,000 157. 4 

Electric railways 50,000 

Locomot'wes. — The weight on drivers has increased since the air- 
brake was invented, from 25,000 pounds to 400,000 pounds. 

The drawbar pull of locomotive has increased, since the air-brake 
was invented, from 10,000 pounds to 100,000 pounds. 

The total weight of locornotives at the present time is as high 
as 700,000 pounds. 

Working steam-pressure has increased, since the air-brake was in- 
vented, from 125 pounds to 225 pounds. 

Passenger Cars. — Weights have increased from 20,000 pounds to 
150,000 pounds. 

Freight Cars. — Light weight of car has increased from 12,000 pounds 
to 50,000 pounds. 

Capacity has increased in the last twenty years from 40,000 pounds 
to 150,000 pounds. 

Passenger Trains. — Schedule speeds have increased from 30 miles 
per hour to 65 miles per hour. 

The energy contained in a five-car train of cars having an average 
light weight of 30,000 pounds per car, running at a speed of 35 miles per 
hour, is 6,200,000 foot-pounds ; of cars having an average weight of 
127,000 pounds running at 65 miles per hour is 90,000,000 foot-pounds, or 
nearly fifteen times as much. 

Freight Trains.^Ti-a'm length has increased from 15 to 130 cars; 
total weight has increased from 300 to 4,500 tons and in certain places 
in the country as high as 6,000 tons. 

To take an actual example illustrating what is involved in the 
handling of a modern high-speed passenger train, the following figures 
are taken from the official report of the Emergency Brake Tests on the 
Lake Shore & Michigan Southern Railway near Toledo in 1909 : 
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Lake Shore Emercency Brake Test. 

Weights. 
Types of Vehicles Uscrl. I'ounds. Tons. 

Locomotive — Pacific type 388,000 194.0 

Buffet car 149,000 74.5 

Dining car 140,000 70.0 

Sleeping car average 125,000 62.5 

Enerhv in Test Trains. 

Malce up of train 2 Loco. — 10 Cars i Loco — 6 Cars 

Train weight— pounds ..: 2,068,000 1,180,000 

Train weiglit — tons 1,034 590 

Energy at 40 M. P. LL, foot-pounds. 116,816,000 66,595,200 

Energy at 40 M- P. H., foot-tons 58,408 33,298 

Energy at 60 ]\L P. H., foot-pounds. 262,836,000 149,839,200 

Energy at 60 M. P- H., foot-tons.... 131,418 74,920 

Energy at 80 M. P. H., foot-pounds. 467,264,000 266,380,800 

Energy at 80 M. P. H., foot-tons.... 233,632 133,190 

Kinetic Energy* in Train of 2 Locomotives, 10 Cars of 75 Tons 
Weight Each — Total Train Weight, 2,276,000 lbs. or 1138 Tons. 

Speed 40 M. P- H. 60 M. P. H. 80 M. P; H. 

Foot-pounds 127,811,200 287,575,200 511,244,800 

Foot-tons 63,906 143,787 255,622 

Figs. 3 and 4 present a tangible evidence illustrative of both ex- 
tremes of the locomotive development indicated in the tabulations just 
given. The view of the American type of locomotive (F"ig. 3), repre- 
senting standard practice of 1879 is in marked contrast with the enor- 
mous Mallet Compound Locomotives (Fig. 4) now being introduced for 
heavy grade service in various parts of the country. 

Similarly the progress in passenger car construction is graphically 
illustrated by comparing the typical passenger car of 1872 (Fig. 5), 
with the modern all-steel Pullman cars (Fig- 6), which are being built at 
the present day. 

All the figures which have been given report the maximum condi- 
tions of past and present-day practice. As the application of the air- 
brake has made this enormous increase in weight of vehicles, speeds 
and length of trains possible, it is fair to assume that the stopping 
power of the brake should logically be increased in the same propor- 
tion so that the stop should be no longer now than formerly. 




Mallet Articlilated Locomotive — Atchison, Topeka & Santa 
Fe Ry., 1909. 



* Kinetic energy in train of 2 locomotives, 10 cars of 75 tons weight each — at 
speed of SO M. P. H. is sufficient to raise 1 ton to a height of over 48 miles. 
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A concrete example will show forcibly just what this increase in 
weight and speed means to the operating departmient if it is to accom- 
plish such an admittedly desirable and necessary result. Under the 
former conditions the factor of safety in train handling was none too 
large and it is therefore imperative that we should be able to control 
modern trains under present existing conditions at least as safely and 
efficiently as formerly. To do this for five 150,000 pound coaches, run- 
ning at 65 miles per hour, it is necessary to provide means for controlling 
over 105,000,000 foot-])Ounds of energy as compared with about 6,000,000 




Fig. 5. Passenger Car, 1872- 

foot-pounds which was all that the brake of the early 70's was called upon 
to control with a train of five ,so,ooo-pounds cars running at 35 miles per 
hour. When the locomotive used with each train is considered, the total 
energy in the modern train becomes 162,000,000 foot-pounds, as compared 




Fig. 6. All-steel Sleeping Car 



1909. 



with 9,800,000 foot-pounds for the train of 1870. It is not surprising, 
therefore, that the air-brake art demands thoughtful consideration from' 
trained and experienced minds if the railroad traffic of today is to be 
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handled with a safety and efficiency even equal to that of the days when 
the total energy to be reckoned with was one-sixteenth as great. Here 
again is found another close resemblance between the conditions of ac- 
celeration and deceleration, for while it is not especially difficult to in- 
crease the speed of a train from 30 miles per hour to 40 miles per hour, 
it requires the expenditure of a vastly greater amount of energy to in- 
crease its speed from 60 miles per hour to 70 miles per hour. In like 
manner, for any given increase in speed the additional amount of work re- 
quired from the brake increases in geometrical, not arithmetical, ratio. 
If, therefore, the improvements for the heavier trains and higher speeds 
of today permit of stopping in about the same distance as could be done 
with the brake of forty years ago and the trains of that period, we should 
congratulate ourselves for having held our own. 

The mere power iiecessary to accomplish this is indicated by the fact 
that the total maximum force exerted by the push rod of the 6 in. brake 
cylinder of the early equipment was 1700 lbs., while with the 18 in. brake 
cylinder used on the heaviest coaches of today a maximum pressure on 
the push rod of 26,650 lbs. is obtainable. 

From the above it will be apparent that many features must now be 
considered which did not exist when the brake was first invented, par- 
ticularly on the physical side of the problem. For example, the amount 
of work required per square inch of brake shoe surface is vastly greater. 
■ This is a condition seldom noticed and yet of great significance, as the 
following comparison will show : 

In the report of one of the earliest brake trials in the history of con- 
tinuous brakes, made on the Midland Railway, near Newark, England, 
in 187s, and since known as the Newark trials (see London Engineering, 
June and July, 1875), we find that the best brake performance there re- 
corded was by a train of fifteen, 2i,OD0-lb. (average) four-wheel carriages, 
fitted with a primitive form of the Westinghouse Automatic Brake, one 
cast-iron brake shoe being used on each wheel. The best stop was made 
from a speed of 52 m. p. h. the highest that could be obtained, in 18 
seconds. This corresponds to the performance of IS-S foot tons (i ton = 
2000 lbs.) of work per brake shoe per second. In the classic Westing- 
house-Galton tests, which followed about three years later, the four-wheel 
experimental van used weighed 18,200 lbs. and was fitted with two brake 
shoes per wheel, and from 52 m. p. h. speed a stop was made by the ex- 
perimental van alone in iiYz seconds. Here the work done was only 
about 9 foot tons per brake shoe per second. 

In 187s the standard passenger coach used on the Pennsylvania Rail- 
road weighed 39,300 lbs. and had four wheeled trucks. To stop such a 
car from 52 m. p. h. in 18 seconds required only 12.33 foot tons of work 
per brake shoe per second, or less than that required of the brake on the 
Midland train, although the Pennsylvania car weighed 18,300 lbs. more. 
This is, of course, due to the fact that eight brake shoes were available to 
do the work, as compared with four on the Midland train. Contrast with 
the above a modern Pullman car weighing 160,000 lbs. and having six- 
wheel trucks. Assuming that from a speed of 52 m. p. h. the stop 



28 Development in Air Brakes for Railroads 

could be made in i8 seconds, the work done would be 33.5 foot tons 
per brake shoe per second, or over twice that of the Midland train, not- 
withstanding that there are twelve brake shoes to do the work instead 
of four. But modern express train speed may be expected to run fre- 
quently as high as 75 m. p. h., and to make a stop from this speed in, say, 
3S seconds (which would be about the best we could expect of the modern 
brake equipment) would require 35.8 foot tons per brake shoe per second, 
or not much more than when a stop of 52 m. p. h. is made in 18 seconds. 
But to have the same absolute safety under modern conditions as existed 
in 187s would require the stop to be made in at least the same distance 
and time, and to stop a i6o,ooo-Ib. car from a speed of 75 m. p. h. 
in 18 seconds would require 69.6 foot tons of work per brake shoe per 
second or about 4J4 times that in the case of the Midland train. (What 
this would be with four-wheeled trucks will be appreciated.) Even if we 
could use two brake shoes per wheel instead of one, we would still have 
over twice as much work to be performed by each brake shoe per second 
if the trains of today at the speeds now attained in high speed service 
are to be relatively as safe as the trains of thirty years ago. Further- 
more, the use of two brake shoes per wheel is rapidly becoming a ne- 
cessity, not only on account of the great amount of work to be per- 
formed by each brake shoe, but also because the brake shoe pressures 
required by modern conditions of high speeds and heavy cars are becom- 
ing so great that in emergency applications a heavier pressure is brought 
to bear on the axle and journals by the brake shoe acting on one side of 
the wheel only than is imposed by the weight of the car resting on that 
wheel. 

The tremendous significance of this increase, is, we believe, but 
faintly appreciated by those who have not had occasion to investigate 
this aspect of the question. We have today "the cast-iron brake shoe prac- 
tically as it was thirty years ago. This brake shoe must now do four 
times the amount of work by frictional resistance to the rotation of the 
wheel, as formerly. We may say " Why not quadruple the pressure per 
brake shoe"? But it must be remembered that when the brake shoe pres- 
sure is multiplied by four, the actual retarding force is by no means 
quadrupled, for we are then overlooking three vital adverse factors, 
viz., the effect of increased pressure, speed, and temperature on the co- 
efficient of friction between the wheel and the shoe. Exactly how great an 
effect these may have depends, of course, on the conditions of the individ- 
ual test considered, but that it is considerable is proven by the fact that 
a stop from a speed of 75 m. p. h. in 35 to 40 seconds, instead of 18 
seconds, is considered good, although we are today using about four and 
a half times as much pressure per brake shoe as at the Newark trials. 

We should mention that in the above no account is taken of the rota- 
tive energy of the wheels. If this is considered, it is evident that the figure 
for the modern conditions will be still more in excess of those of the 
past, on account of the wheels being heavier and there being a greater 
number per vehicle. 
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Again, the difference in air pressure required to apply and release 
the brakes is by no means as easily obtained today as when trains were 
short. The air supply required for short trains with small brake cylin- 
ders was obtained with compressors of much less capacity than it is now 
necessary to employ : witness, the 6 in. air compressor of the early days 
of the brake, with its capacity of not over 15 cu. ft. of free air per 
minute, as compared with the cross compound compressors now used, 
which have approximately 125 cu. ft. capacity. The reason for this is 
apparent, for it required, not so very long ago, about 25 to 30 cu. ft. for 
a full application ; now 300 cu. ft. is required. In general, therefore, it 
may be stated that the brake which would satisfactorily meet the re- 
quirements of past conditions falls short of the maximum efficiency 
which it should be possible to attain in proportion to the increase of the 
requirements of present day service over those of the past. The force 
of this is apparent when we make the same comparison between the 
locomotives and cars of the two periods. This review of the conditions 
and what is involved, which is by no means exhaustive, will serve to give 
an idea of the magnitude of the problem. How we have solved the 
various stages of this problem, as they presented themselves, will be best 
shown by a consideration of the features and functions of the improved 
brake apparatus that was developed to meet the conditions just ex- 
plained. 

Development of the Brake. 

The operating conditions prevailing about 1870 were very different 
from those of the present time : then the tracks were not of the char- 
acter of today and not suitable for such heavy and fast traffic; in fact, 
neither the locomotive nor the cars were capable of it, therefore, the 
brake required was something better than a hand brake, which was 
obtained when the straight air brake (Fig- 2) was applied to the equip- 
ment. This term implies that compressed air is used as a direct force 
from the main reservoir supply of the locomotive through direct piping 
to the brake cylinders on the vehicles to apply the brakes, simply re- 
quiring a valve on the locomotive to admit air to the brake pipe and 
brake cylinder in order to apply the brakes, to hold it there when admitted 
and to exhaust it when desiring to release the brakes. An early form 
of this apparatus is shown in Fig. 7. The air pump is one of the first 
forms to come into general use, the so-called "trigger" or "jigger" 
valve motion and square piston rod being recalled no doubt, by many 
here present. The brake valve was the simplest form of three-way 
cock. The hose couplings were "butt end," male and female, which 
necessitated there being a male and a female coupling at each end so 
that a connection between cars might always be made. 

This equipment had many good qualities and a very large degree of 
flexibility, that is, the increase or decrease of the pressure or braking 
power, was under the control of the operator to a marked degree. 
But it had shortcomings which made it unsuitable for use on trains of 
any considerable length on account of the time required to apply and 
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Fig. 7. The Straicht Air Brake. 

release the Ijrake and the unequal braking effort throughout the train. 
More important still, the factor of safetj' was low, as no warning was 
given in the e^■ent of the hose coming uncoupled, and a parted train meant 
no brakes. Thus it is seen that it lacked the first essential of an efficient 
brake, which is, that it must be its own " tell-tale." That is, if an acci- 
dent occurs to the system, it must result in a brake application instead 
of a loss of the brake. 



Plain Automatic Air Brake. 

In the natural process and development of railroads, the rerpiire- 
ments became more exacting and it was evident that the straight air 
brake was not only unsuitable for the reasons just mentioned, but that it 
lacked essential features. It became more important than ever that the 
brake should apply automatically, in case of the train parting. This 
was so fundamentally necessary that even if the flexibility of the straight 
air brake had not already been lost to a large extent by the lengthening 
of the trains, it would have had to be abandoned because of the infinitely 
greater safety inherent in a brake of the " automatic type." Therefore, 
the straight air brake, having served its jjurpose as an advanced agent 
of something better, gave way to the automatic brake, which after- 
wards came to be called the " plain automatic brake " to distinguish it 
from a later type that locally reduced the brake pipe pressure, thus 
producing what is called " quick action." 




Fig. 8. The " Wkstinchouse " Plain Automatic Air Brake, 1S72. 

The first form of this brake, probably the greatest advance ever 
made in the art, was invented and introduced by Mr. George Westing- 
house in 1872 (Fig. 8). 
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The automatic action of the brakes was accomplished by means of 
indirect application of the brakes through the medium of a valve device 
called a triple valve and an auxiliary storage reservoir which were added 
to the brake cylinder on each car. All of these valves were connected 
together by a continuous pipe called the brake-pipe ; with flexible connec- 
tions between the cars ; this pipe being charged with air whenever the 
brakes were in operating condition. By this means, the auxiliary reser- 
voir was charged with compressed air for braking purposes on the vehicle 
to which it vvas attached; therefore, it was no longer necessary to 
transmit the air from the locomotive to the vehicle when an application 
of the brakes was desired. From what has been said, it is plain that 
the triple valve must be the essential miechanical element in such a sys- 
tem and that it must possess the three functions of charging and re- 
charging the auxiliary reservoir and of applying and releasing the 
brakes in accordance with variations in the air pressure carried in the 
brake pipe; the medium for producing such operation as desired being 
for all ordinary cases a manually operated brake valve on the locomotive. 

The operation of the triple valve to apply the brake is brought about 
by, reducing the brake pipe pressure, thus creating a differential of pres- 
sure in the auxiliary or braking reservoirs throughout the train ; this 
reducing of the brake pipe pressure below that of the auxiliary reservoir 
pressure, permits the auxiliary reservoir pressure to force the triple piston 
and its slide valve to application position, in which position the brake 
cylinder outlet to the atmosphere is closed and a port opened from the 
auxiliary reservoir to the brake cylinder, when the auxiliary reservoir 
pressure will also reduce equally with that of the brake pipe into the 
brake cylinder and apply the brake. It is, perhaps, needless to say 
that these applications could be either partial or full ; thus the brake 
possesses graduating features so far as the application is concerned. 
To release the brake, it is necessary to create a differential in the reverse 
order, that is, the brake pipe pressure must be increased above that of 
the auxiliary reservoir, when the triple valve will be forced to release 
po.sition, opening the brake cylinder to the atmosphere and thus re- 
leasing the brake, and also opening the necessarily restricted passage 
from the brake pipe to the auxiliary reservoir that it might again be 
recharged to full braking pressure. There was no graduating feature 
in the release of this brake, therefore one of the elements of flexibiUty 
possessed by the straight air brake was lost, but, as has been said, this 
feature had already been very much reduced in value by the lengthening 
of the train. 

Thus, through the use of triple valves, the air brake became auto- 
matic, which term applies to that application of the brakes which occurs 
through any material depletion of pressure from any cause in the brake 
pipe and auxiliary reservoir pressure, either at the will of the engineer, 
by hose parting, burst hose, leakage, or at the instance of the train 
crew so that this system very materially increased the factor of safety 
and permitted the use of air brakes on longer passenger trains and on 
the already existing freight trains in a way that was not possible with 
the straight air brake equipment. 
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It is generally thought that the invention of the valve mechanism 
solved the problem of automatic brake operation and this is exceedingly 
unfortunate, for of an importance second only to the apparatus itself 
were the fixing of the conditions under which the brake would operate 
properly, namely: 

1st.— The percentage of braking power to light weight of car. 
2nd.— The times the cylinder value could and should be multiplied 
to advantage and without detrimental results— that is, the fixing 
of the leverage ratio. 
3rd. — The proportion of auxiliary reservoir volume to brake cylin- 
der volume. 
4th, — The percentage of braking power per pound of cylinder pres- 
sure. 
Sth. — The amount of reduction of brake pipe pressure to produce 
equalization and the time in which it should be done. 

These things required a great amount of thought, experiment, and 
practical experience, and when Mr. Westinghouse had worked all these 
out, the brake itself, the governing factors of its operation, its installa- 
tion and manipulation were practically perfect and have never been im- 
proved upon. We regret to say, however, that these things have often 
been changed and ignored to such an extent that the operation and effi- 
ciency have been seriously impaired, and while much has been said and 
written from the standpoint of stopping the train only, little or no 
consideration is given to the above mentioned factors, which are vital 
to the every day operation of the brake and make possible and per- 
missible a much greater stopping power than can be used if these fac- 
tors are not utilized. In fact, satisfactory operation and proper stopping 
power, as we have already pointed out in the consideration of the Funda- 
mental Principles of Brake Design, are absolutely dependent upon them. 

Quick Action Automatic Air Brake. 

This plain automatic brake was a great improvement in many re- 
spects over straight air brake, but chiefly from an emergency or safety 
standpoint, for much of the flexibility (that is, ability of the operator 
to increase or decrease the cylinder pressure at will and for any number 
of times in rapid succession) for ordinary service brake operations had 
to be sacrificed. This brake served the purpose fairly well while trains 
were short and speeds, weights, and frequency low, but as these factors 
changed, its limitations became more and more apparent, particularly 
with reference to emergency operation. The application was too slow 
with long trains, and for reasons differing only in degree from those 
which had affected the straight air brake. Thus, when a quick application 
was attempted, the shocks were great, nor was the stop as short as re- 
quired. The reason for this slowness of operation was because the air 
in the brake pipe could not be quickly and uniformly reduced through- 
out its whole length; this, because of increased volume, frictional resist- 
ance and the necessity of its traveling to the- one outlet, which was 
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through the brake valve at one end of the train. Tliis__Hmitatioii was 
overcome by the invention (in 1887) of the "quick action" triple valve 
ancPthe equipment with which it was used came to be known therefore as 
the_ Qui ck-Action Automatic-Brake (Fig- it). The "quick-action" 
triple valve was identical with the plain triple vah'e as far as service 
operations were concerned, but differed from it in emergency in that 




The " Westinghouse " System Quick-Action Automatic 
Brake, 1887. 



it automatically vented air from the brake i)ipe locally cm each car. 
The rapid brake pipe reduction thus resulting is trausmitted to the next 
triple valve and from it serially in the same manner to all the valves 
in the train, thereby reducing the time of full application to about one- 
sixth of what is inherent with plain triple valves on a so-car train, and 
sl^ocks were therefore correspondingly lessened and stops shortened. 
ZEbe reason for this is that the brake pipe reduction with the plain 
triple valve took place at only one point in the train instead of fifty 
as with the quick-action valveT^ 

The feature of serial vetvnng of the brake pipe was so important 
that a second feature of this brake system, which the first mentioned 
made possible, was, and is today, overlooked by many, and perhaps we 
should say is not rated at its true value. We refer to the then possilile 
attainment of a different and higher braking power for emergency 
than for service applications. Up to this time the cyliuder pressure and 
retarding force then attainable had been the same for both service and 
emergency applications, but now, since the brake pipe pressure vented 
could be, and, as a matter of fact, was vented into the brake cylinder 
with one form of the device, the pressure therein was materially increased 
whenever quick action took place. As this, with the comparatively small 
cylinders of that day, raised the pressure from 50 lbs. equalization to 60 
lbs. from an initial brake pipe pressure of 70 lbs., it will be seen that 
the increase in braking pnwer was 20 per cent. This, for passenger 
service, was allowed to remain. This was warranted because these trains 
were shorter than freight trains and the cars more rigid and of greater 
length, the measure on the one hand being property, the other both 
property and human life. This difference of braking power was utilized 
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in another way in freight cars, and wisely so. Instead of permitting this 
service percentage of braking power to remain the same as before, it 
was changed from 70 per cent, on 50 lbs. cylinder pressure to 70 per 
cent, on 60 lbs. cylinder pressure. This made the brake much more flexi- 
ble for service applications and reduced shocks, etc., because of the 
lower braking power for given reductions. From this it will be seen thai 
to the automatic and graduating features of the brake two others were 
added, namely, serial quick action and difference or increase in braking 
power between service and emergency applications. All four of 
these are now generally recognized (though we are sorry to say not 
appreciated as they should be) as being fundamentally essential in a 
brake worthy the name. Moreover, these four features have had and still 
have great possibilities of extension and development. We would here 
again call attention to the wonderful adaptability of the original combi- 
nation of brake cylinder, triple valve, and auxiliary reservoir to the ever- 
increasing need of a more powerful, and what naturally follows, a more 
flexible brake. [l^t is truly remarkable that through all subsequent im- 
provements not one of the original functions of the triple valve has been 
discarded, but that they have been extended and expanded and many 
new functions added/] 

So far the apparatus employed was the same for both passenger 
and freight cars, but the still greater frequency -of trains, heavier vehicles, 
and higher speeds made it necessary to provide means whereby a still 
greater stopping power for passenger service might be available when 
needed, particularly for emergency applications. This was possible only 
by increasing the air pressure, since any other method would have made 
the brake too severe for low speeds; in other words, the percentage of 
braking power per pound of cylinder pressure was already as great as 
practical operation would permit. 

The High Speed Brake. 

It was thought, however, that to increase the brake pipe pressure 
sufficiently to get desired braking power would result in unpleasant or 
dangerous shocks, slid or flattened wheels, and other damage from the 
high brake cylinder pressure obtainable; therefore, this was not done 
until the valve known as the " high speed reducing valve " was perfected 
in 1894. The principles utilized by this type of apparatus had been 
thoroughly demonstrated by the classic Westinghouse-Galton tests in Eng- 
land in 1878. These tests showed that, while the adhesion between the 
wheel and the rail,— which causes the wheels to persist in their rotation.— 
is practically uniform at different speeds, the friction between the 
brake-shoe and the wheel, — which acts as a resistance to the rotation of 
the wheel, and thereby stops the train,— is considerably less when the 
wheels are revolving rapidly than when they revolve slowly. It was 
thus demonstrated that a greater pressure not only could be safely 
applied to the wheels by the brake-shoes, at high speeds, but also that 
such considerably greater brake-shoe pressure must be applied to the 
wheels at high speeds, in order to then resist the motion of the train 
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Fig 12. High-Speed Passenger Brake. 

as efifectively as it is resisted with a more moderate brake-shoe pressure 
at low speeds. This was accomplished by the use of a higher brake 
pipe air pressure with the standard Quick-Action apparatus, with only 
the addition of a High-Speed Reducing Valve attached directly to the 
brake cylinders. This device was designed to limit the brake cylinder 
pressure obtainable during a service application of the brakes to what 
was considered safe and necessary, but when an emergency application 
of the brakes was made, to permit the brake cylinder pressure to rise 
to a considerably higher value than the maximum permitted in a service 
application, and then to cause a gradual reduction of brake cylinder pres- 
sure, quite slow at first, but becoming more rapid, so as to proportion, 
as far as possible, with such a device working on a fixed range, the blow- 
down of brake cylinder pressure to the reduction in speed as the stopping 
point is approached. Superior stopping capacity was obtained as already 
stated, by increasing the brake-pipe air pressure from the generally 
adopted 70 pounds, as used with the Quick-Action Brake equipment, to no 
pounds, which in emergency applications and with the sizes to brake 
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cylinder then in use would give about 85 pounds cylinder pressure instead 
of about 60 pounds, or, in other words, raise the nominal percentage of 
braking power from 90 to 125 per cent, of the weight of the vehicle. 

With this improved equipment when an emergency application was 
made, full cylinder pressure (85 pounds) was quickly obtained, but was 
automatically reduced to 60 pounds and held at this point by means 
of the automatic reducing valve. Thus, if the stop was long enough, 
the initial nominal percentage of braking power was 125 per cent., while 
the final was 90 per cent, but the actual retardation of the train kept 
fairly constant due to the difference in .the retarding power of the shoes 
at high and low speeds already mentioned. Though the co-efficient of 
brake-shoe friction was known to be less at high speeds than at low 
speeds, it was predicted by many that much wheel sliding would result 
from raising the nominal power above 100 per cent, of the light weight- 
of the car, but, on the contrary, wheel sliding was lessened and naturally 
so when the situation is analyzed. 

These improvements were adopted by practically all the first class 
railroads of America and the results have fully justified their use, not 
from the standpoint of increased safety alone, but as a dividend earning 
asset. For example, — in suburban service, a good brake is worth more 
than a good engine as a schedule maker. This combination, with the 
quick action triple valve, is known as the high speed brake. As with 
this innovation, the- brake for passenger and freight service parted com- 
pany never more to be the same, it will be necessary for us to consider 
the future development of these brake equipments in the order of ist, 
The Locomotive Brake: 2nd, The Passenger Car Brake; and 3rd The 
Freight Car Brake. 

The Locomotive Brake. 

In the early days of railroading practically no attention was paid to 
the necessity for braking power on the engine and tender on account of 
the service conditions prevailing and fear of flattening and slipping the 
driving wheel tires. A little later straight air brakes, similar to those 
under the. cars, were applied to tenders ; then the driver brake was added 
and later (after the automatic brake came into use), as it became neces- 
sary to utilize every possible means for obtaining braking power, the 
truck brake, thus forming the complete brake installation. Such service 
as double-heading next led to the substitution of the quick action triple 
valve for the plain triple valve on the tender, it being necessary to risk 
occasional occurrences of undesired quick action rather than suffer any 
loss in the ability to transmit quick action from the head engine to the 
train. In the case of passenger locomotives, the development of the 
high speed brake equipment resulted in the addition of the high speed 
devices to the locomotive equipment. Then for freight engines used in 
special service, such as grade work, switching, etc., the need for the 
independent control of the locomotive brakes became apparent, which led 
to the application of the straight air brake on such locomotives, which, in 
combination with the automatic brake, greatly increased the efficiency 
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of the brake apparatus. Fig. 13 shows the apparatus required in order 
to completely equip an engine and tender with the devices necessary 
to accomplish the desired results. It will be noted that all of the above 
changes have come about as additions to existing equipments forming 
a series of progressive steps in the attempt to provide a combination of 
devices permitting a maximum of safety and flexibility in train handling. 
When further improvements became necessary, the undesirability of 
adding further to the existing equipments became apparent and it was 
resolved to depart from the previous lines along which improvements 
had been made and to design outright an equipment which would com- 
bine the functions of several pieces of apparatus and include the features 
required of a brake which should meet the requirements arising from 
present-day conditions — this equipment to cover all kinds of service 
and classes and weights of locomotives. The immediate result of such 
a simplification would be to establish a uniformity of practice in regard 
to equipments on different locomotives and in different parts of the 
country, which would be appreciated not only by the management and 
purchasing agents, but make possible the attainment of the best pos- 
sible results by the engineer with a minimum of time and expert train- 
ing, because the operation and manipulation of only a single equipment 
would need to be learned. 

Features of the ET Locomotive Brake. 

This brake, probably known to most of you, is called " The 'ET' Loco- 
motive Brake Equipment," (Fig. 14), and, as will be pointed out, in- 
cludes all of the advantageous features which have been worked into 
previous equipments, eliminates many of the undesirable features insepar- 
able from former types, and provides many additional operative features 
which have been long desired but hitherto unobtainable with other types 
of equipment. It may be of interest to point out more in detail what 
some of these features are. 

The space occupied by the equipment on a locomotive has been ma- 
terially reduced, as many of the pieces of apparatus necessary with most 
of the advanced types of former equipments have been done away with. 
For example, the equipment includes one automatic brake valve, one in- 
dependent brake valve, one feed valve, one reducing valve, one distributing 
valve, one safety valve, two gages, and the brake cylinder taking the 
place of the automatic brake valve, straight air brake valve, two feed valves 
and reversing cock, straight air reducing valve, two double check valves, 
two high speed reducing valves, two mountain cocks, two retaining valves, 
three auxiliary reservoirs, two triple valves, tender drain cup, and the 
brake cylinders all of which apparatus would have to be used in making 
up a complete equipment of the old standard, as shown in Fig. 10, while 
the results would still fall far short of approximating the operation of 
the " ET " equipment. 

The new equipment is adapted for all classes of engines and all kinds 
of service and requires carrying but one size of operating devices in 
stock, since the only difference made in the equipment when applied to the 
different sizes of locomotives is in the size of brake cylinder employed. 
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The brake valve has very large ports, which the increased length of 
train and larger auxiliary reservoirs have made necessary. It is also 
constructed so that the wear of the rotary valve and seat has been more 
evenly distributed and the valve can therefore be operated with greater 
case and maintained at less expense. 

All of the valves used with the equipment, i. e., the brake valves, 
feed valves, reducing valves and distributing valve, are mounted on per- 
manent bases or brackets to which the pipe connections are made once 
for all so that it is not necessary to break any pipe connections in order 
to remove the valves for cleaning or repairs. Consequently, if the engine 
should come into the round house with the feed valve or distributing 
valve needing attention, it could be replaced by another valve in a ver> 
short time, without causing any delay and avoiding any chance of getting 
dirt inside the valves, which might happen if the inspection or repairs 
were attempted with the valve in place on the locomotive. 

The feed valve used with the equipment is of improved design and 
is provided with a hand wheel on the adjusting nut moving between two 
adjustable stops, so that a change from standard pressure to high-speed 
brake pressure, or vice versa, can be made by simply turning the hand 
wheel from one stop to the other. 

The safety valve used in connection with the distributing valve is of 
improved type and is specially arranged so as to operate in a manner 
similar to the high speed reducing valve when an emergency application 
of the brake is made. 

The independent brake valve is provided with a double return spring 
which returns the handle from release to running position and from quick 
application to slow application position, thus relieving the engineer of the 
necessity for careful attention to these points when handling the independ- 
ent brake. 

The brake on the locomotive can be used entirely independent of the 
train brakes, or in conjunction with them, at any and all times, as with the 
present equipment, or the engine brakes can be applied without applying 
the train brakes, by the use of the independent brake valve. It is un- 
necessary to point out in detail the advantages of this in connection with 
switching and handling long trains, especially on grades. The locomotive 
urake can be released without releasing the train brakes. The train brakes 
can be applied without applying the locomotive brake, by simply holding 
the independent brake valve handle in release position while applying with 
the automatic brake valve, if, for any reason, it should be necessary to 
prevent the application of the brakes on the locomotive. The locomotive 
brakes can be released without releasing the train brakes. The advantages 
of this are many; for instance, if the drivers of the locomotive should 
shde, the pressure can instantly be released from the cylinders. In grade 
work, if there should be any danger from overheating the tires, the driver 
brakes can be prevented from applying or they can be released if they 
are applied and in descending grades the locomotive and train brakes 
can be alternated by first applying the train brakes and preventing the 
locomotive brake from applying, then applying the locomotive brake and 
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Fig. 15. The Districuting Valve and Double Chamber Reservoir. 



holding the train by means of the locomotiv^e while the train brakes are 
released and the reservoirs recharged, then again applying the train lirakes 
and releasing the driver brakes — obtaining in this way much better control 
down the grade which permits of a higher average speed being maintained 
than would be possible otherwise. The train brakes can be released and 
the engine brakes held on keeping the slack bunched until the train 
brakes have released. The locomotive lirakes can then be either let off 
quickly and entirely, or can be graduated off. This is of the greatest im- 
portance in releasing the brakes on a long freight train, as it prevents the 
great retardation wdiich is still taking place at the rear end from pulling 
the train in two after the head brakes have released. Its advantage in 
passenger service is also obvious, as the engineer can release his train 
brakes and graduate his locomotive brake off just as the stop is being 
completed, thus making an accurate stop without shock, as the trucks 
have been permitted to right themselves before the train comes to a 
standstill. 

The operation of the equipment is such as to discourage overcharg- 
ing, with consequent stuck brakes, by making it more necessary for the 
engineer to return to running position at the proper time, thus insuring 
proper manipulation of the brake valve. 

It provides for a graduated release of the locomotive lirakes, in con- 
nection with the new high speed brake. 

If it is necessary to hold the train for a short time, as for a station 
stop on a grade, the independent locomotive brake alone can be used, 
permitting the train brakes to be fully recharged and enabling the engineer 
to start promptly when the signal is given. 
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Full braking power is obtained at any time desired, that is to say, 
the equalizing point is not changed by leakage in the cylinders or their 
connections, or by long or short piston travel. 

For a given reduction, uniform pressure is obtained in all brake 
cylinders on the locomotive regardless of difference in piston travel or 
leakage which may exiet. 

Any brake cylinder pressure obtained, whether partial or full appli- 
cation, is maintained constant against leakage up to the capacity of the 
compressor, whether the application is made by the independent or the 
automatic brake valve. This feature is one of vital importance in a 
locomotive brake in particular, as all will recognize who are familiar with 
the great difficulty experienced in keeping the locomotive brake cylinder 
packing leathers even fairly tight. 

During emergency applications about 30 per cent, higher brake cyl- 
inder pressure is obtained on the locomotive than the maximum for ser- 
vice operations of the brake. This has long been an accepted principle of 
operation for all car brake equipments, but heretofore not provided for on 
the locomotive — the vehicle which, of all others, should take full advantage 
of this principle on account of the large proportion of braking power 
which it contributes to the total for the train, and the consequent danger 
of flattening the drivers or slipping the tires in service applications if the 
braking power of the locomotive largely exceeds that of the loaded cars. 

The holding position of the automatic brake valves serves as an auto- 
matic pressure retaining valve, enabling the engineer to hold any desired 
pressure in the locomotive brake cylinders. 

If the brake valve handle is returned to lap position after making a 
release of the train brakes, as is often done in making a two application 
stop or when slowing down for a signal, it cannot be left there by 
mistake and forgotten, as the locomotive brake will remain applied and 
draw the engineer's attention to his oversight — a protective feature worthy 
of note. 

When double-heading, the man on the second engine can operate his 
locomotive brake entirely independent of the other brakes in the train, so 
that, in case of necessity, he is able to release his driver brake if the tires 
become overheated or the drivers slide and can assist the head man 
in alternating the locomotive and train brakes while descending grades. 

It is thus seen that the greatest braking unit in the train is under the 
complete control of the engineer without regard to what is being done with 
the train brakes at any time. 

Operation of the " ET " Locomotive Brake. 

As the operative principles embodied in the " ET " brake have 
become recognized as fundamentally required by the conditions of 
modern high-speed passenger service, as well as locomotive service, 
it may not be amiss to state briefly the manner in which these desir- 
able operative features have been secured. The air used in the brake 
cylinders for applying the brakes on the engine and tender comes directly 
from the main reservoir through the distributing valve, Fig. 15. The 
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Fig. i6. Section of Distributing Valve. 



flow of air from the main reservoir to the brake cylinders, when applying 
the brakes, is controlled by a slide valve in the distributing valve. (See 
Figs. i6 and 17.) A second slide valve, attached to the same piston stem as 
the first, controls the flow of air from the brake cylinder to the atmos- 
phere when releasing the brakes. The entire control of the locomotive 
brake, therefore, reduces to the controlling of the movement of the appli- 
cation piston which operates the supply and exhaust valves. This is ac- 
complished by so arranging the distributing valve that brake cylinder 
pressure always acts on one side of the application piston mentioned 
above, while the chamber on the other side is subject to various degrees 
of pressure, according to the manipulation of the brake valve. This 
chamber is called the application cylinder. In order to apply the brakes 
it is only necessary to admit compressed air into this application cylinder, 
thus increasing the pressure on that side of the application piston above 
that in the brake cylinders on the other side of the piston. This causes 
the piston to move, closing the exhaust ports and opening the supply valve 
and allowing air to flow to the brake cylinders. 
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Fig. 17. Diagrammatic Section of Distributing Valve and Reservoir. 
Release Position. 

As soon as the brake cylinder pressure has hicreased to slightly above 
that in the application cylinder on the opposite side of the application pis- 
Ion, the difference of pressure returns the piston and its slide valves to lap 
position, preventing further flow of air to the brake cylinders. It will, 
therefore, be seen that the same pressure will be obtained in the brake 
cylinders whether there are few or riiany, large or small, whether the 
piston travel is long or short, equal or unequal, and whether the brake 
cylinders are air tight or leaking badly. This is because the main reser- 
voirs furnish an unlimited supply of compressed air which has access to 
the brake cylinders until such time as it has increased the pressure therein 
up to that which is in the application cyHnder. Furthermore, so long as 
the pressure in the application cylinder is held constant, the brake cylinder 
pressure will be maintained practically constant as well. For suppose 



DevfxopmeNT in Air BbakeS for Railroads 47 

there is sufficient leakage in the brake cylinders and their connections 
to cause a drop in pressure to take place, after the supply valve has lapped. 
This lowers the pressure on the brake cylinder side of the application 
piston below that which still remains constant on the other side of the 
piston, which, being then the higher, will again move the application piston 
to application position and re-open the supply port, permitting sufficient 
air to flow from the main reservoirs to the brake cylinders to replace 
that lost by leakage and restore the original pressure. This ope,ration will 
continue so long as the application cylinder pressure remains unchanged 
and, in fact, where the brake cylinder leakage is excessive, the application 
piston will assume a balanced open position, permitting a constant flow 
of air into the brake cylinders from the main reservoir to compensate 
for the constant escape of air to the atmosphere, thus maintaining the 
brake cylinder pressure constant up to the capacity of the air compressors. 

When the pressure in the application cylinder is reduced below that 
in the brake cylinders, the higher brake cylinder pressure will then move 
-the application piston and its attached slide valves back to release posi- 
tion, opening the exhaust port and permitting air to escape from the brake 
cylinders until their pressure has become reduced to slightly below that 
remaining in the application cylinder, which then moves the application 
piston and its valves back to release lap position, in which further flow 
of air from the brake cylinders is prevented. Thus, the brakes may be 
partially or entirely released by partially or entirely exhausting the air 
from the application cylinder. Compressed air is admitted to the applica- 
tion cylinder from two sources; ist, from the reducing valve (set at 45 
lbs.) through the independent brake valve and the application-cylinder pipe 
which leads to the application cylinder. When the independent brake valve 
is placed in application position, air flows directly from the reducing valve 
to the application cylinder. When the independent brake valve is in lap 
position communication to the application cylinder is cut off and when in 
release position the application cylinder pipe is open through the inde- 
pendent brake valve direct to the atmosphere. 

By the use of this brake valve, therefore, the locomotive brakes can 
be applied or released without interfering with the automatic brake sys- 
tem in any way. There is, however, a pipe connection from the indepen- 
dent to the automatic brake valve so that normally, when operating the 
independent brake (the automatic brake valve then being in running 
position), the independent brake valve handle may be placed in running 
position to release the brakes, the exhaust then passing through the inde- 
pendent and automatic brake valves to the atmosphere. The operation 
just described will be recognized as similar to that of a straight air brake 
and, as a matter of fact, it displaces the straight air portion of the old 
combined straight and automatic brake equipment, and gives, without the 
installation of release valves, double check valve, cut-out cocks, etc., an 
independent locomotive brake, whether or not the automatic brake is 
being used. 
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During an automatic application of the brakes, the air delivered to 
the application cylinder comes from the second source of supply, viz., the 
large compartment of the double-chambered reservoir of the distributing 
valve, called the pressure chamber. The flow of air from the pressure 
chamber to the application cylinder (which is in free communication, 
except when in emergency applications, with the smaller compartment of 
the double chambered reservoir, called the application chamber) and cham- 
ber is controlled by a slide valve (equalizing valve) and graduating valve, 
moved by a piston (the equalizing piston). The equalizing piston is ex- 
posed to brake pipe pressure on one side and pressure chamber pressure, 
on the other. It therefore controls the flow of air from the pressure 
chamber to the application cylinder and chamber in a similar manner as 
the flow of air from auxiliary reservoir to the brake cylinder is controlled 
by the triple valve piston in ordinary car brake equipments. It will, there- 
fore, be unnecessary to describe in detail how ^ given brake pipe reduction 
causes a certain fixed amount of air to be admitted from the pressure 
chamber to the application chamber and cylinder, except to point out that 
the volume of the latter is fixed and practically air tight, so that the 
relation of the volumes involved is always the same, and the pressure 
therein not subject to variation due to changes in piston travel or leakage. 
Therefore, the pressure obtained in the application cylinder for a given 
reduction in brake-pipe pressure is always the same, and therefore, as al- 
ready explained, the brake cylinder pressure obtained is constant likewise. 
This explains why a single equipment may be used for large or small loco- 
motives alike, and, when the possibilities of independent operation of loco- 
motives and train brakes are considered, why the equipment is adapted to 
all classes of engines in all kinds of service. 

During automatic service applications, as well as when operating the 
independent brake, the safety valve on the distributing valve is connected 
to the application cylinders. This safety valve is of improved design and 
of large capacity so that ample and adequate protection is alfocded against 
brake cylinder pressures higher than that determined by the setting of the 
safety valve. 

When the automatic brake-valve handle is placed in either release or 
running position, the equalizing piston and its valves are moved back to 
release position, as in a triple valve, the exhaust cavity in the equalizinc; 
slide valve connecting the application chamber and cylinder to the distrib- 
uting valve release pipe. This, instead of always being open to the atmos- 
phere, as in the case of a triple valve exhaust, leads through the independ- 
ent brake valve (when in running position) to the automatic brake valve 
and is open only in the running position of the latter. There is only 
one position of the automatic brake-valve handle, therefore, viz., running, 
which will release the locomotive brakes and this only when the independ- 
ent brake valve is in running position, 

While the automatic brake valve handle is in release position during 
a release of the brakes, the locomotive brakes still remain applied, keeping 
the slack bunched and permitting the car brakes to get the start in re- 
leasing. A new position (Holding Position) is also provided on the 
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automatic brake valve, which is exactly the same as running position except 
that the distributing valve exhaust port is closed. If it is desired, therefore, 
to still further hold the locomotive brakes applied while releasing the'train 
brakes and recharging the auxiliary reservoirs, it can be done by return- 
ing the automatic brake valve handle from release to " holding '' position, 
and the locomotive brake can then be graduated off by successive move- 
ments of the automatic brake valve handle between holding and running 
position and in this way the automatic brake valve is made to perform 
at once the fimctions of a pressure retaining valve and a straight air 
brake valve. 

When an emergency application is made, all connections to the appli- 
cation chamber of the distributing valve are blanked and equalization takes 
place between the pressure chamber and the application cylinder only. 
This not only results in 30 per cent, higher brake cylinder pressure being 
obtained, but, furthermore, the safety valve is at the same time connected 
to the application cylinder through a restricted port and air from above 
the automatic rotary valve flows through a small port in this valve to the 
application cylinder pipe and application cylinder, thus prolonging the time 
of blow-down of application cylinder pressure (and consequently of 
brake cylinder pressure) similar to the operation of the high speed re- 
ducing valve on car equipments. 

For locomotives running in double heading service the plain cap on the 
equalizing cylinder portion of the distributing valve is replaced by the 
Quick Action Cap, as shown in Fig. 18. The function of this cap corre- 
sponds to that of the quick action parts of the triple-valve, viz., to vent a 
certain amount of air from the brake pipe to the brake cylinders when 
an emergency application of the brakes is made and thus assist in trans- 
mitting the serial quick action to the succeeding brakes in the train. With 
modern long locomotives and cars, and especially when double heading 
service is considered, such provision as this is necessary in order to insure 
the maximum protection against loss of serial quick action. 

It will be seen from what has been said regarding this equipment 
for locomotives that the flexibility and safety features of the brake have 
been greatly increased and that it is not only capable of taking care of the 
necessities of the present, but that ample provision has been made for the 
requirements of the future as far as they can be foreseen. 

The Passenger Car Brake Equipment. 

It will be remembered that from the time of the development of the 
high speed brake, it was apparent that the brake for passenger service 
and freight service would have to be worked out along radically different 
and distinct lines, — speed, frequency and weight being the governing fac- 
tors in the one case, and length of train and a great difference between 
empty and loaded weights of cars, the vital factors in the other. 

For a considerable period the high speed brake equipment already 
referred to, fully accomplished the purpose for which it was designed 
and provided a train control approximately as efficient for the trains to 
which it was applied as was that of its predecessor for the earlier con- 
ditions. 
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Fic i8. Diagrammatic Section of Distributing 
Valvk with Quick Action Cap — Emergency Position. 

But as time went on, further changes in conditions, which necessarily 
go with progress, reduced the comparative efficiency of this brake, and to 
a large extent neutralized the improvements that had been made from 
the older forms. For it is a remarkable fact that all improvements in 
rolling stock construction and train operation have been in a direction 
that has made train control more difficult, and we have no hesitation in 
saying, unless radical departures are made from present practice in other 
railroad equipment, that in spite of all the improvements we can make in 
the air brake, the controlling of trains, particularly with regard to stops, 
is going to fall behind past results, therefore, the best is none too good. 
The increased weight of passenger trains and particularly the running 
of such trains at high speed, has so increased the energy to be dissipated 
that to make a stop in the same time and distance as with a lighter train, 
it is necessary to use still higher cylinder pressure; obtain the braking 
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power as promptly as- circurn'stances will permit; and hold the maximum 
pressure obtained through to the end of the stop, because the work to 
be done and the duration of the stop causes a heating of brake shoes and 
wheel tires and so on, all tending to lessen the effectiveness of a given 
brake cylinder pressure. 

In addition to the increased weight and speed of trains, there were, of 
course, an increased number of parallel tracks and frequency of trains. 
These always bring with them braking problems quite as difficult of so- 
lution and as necessary to be solved as those which preceded them, particu- 
larly as the tendency is to neutralize or lower the value of many of the 
factors involved in producing and realizing retarding forces. 

Features of the Improved Brake for Passenger Cars. 

A careful analysis of these conditions and problems with deductions 
checked by experiment and test, notably at Albany; then after these tests 
were analyzed, of others at Absecon, and these again followed by others, 
and also by installations in actual service, led to a new design of brake 
embodying all the features of the old and a number of others, some con- 
sidered essential from a safety standpoint, others very important in the 
way of properly meeting operating conditions, reducing the personal equa- 
tion, and in materially increasing the value and adding to the already great 
earning power of a good and an efficient brake. The development of this 
type 0/ brake apparatus marks a notable departure from the lines along 
which previous improvements had been made, in that, instead of securing 
the desired new features by the addition of accessory devices to the 
already existing apparatus, opportunity was taken to incorporate not only 
the novel features but also the improvements which it was possible to 
make in the design of the standard apparatus into a single triple valve 
structure, thus reducing the number of separate devices comprised in the 
equipment to a minimum. The features added to those already possessed 
by the preceding brake equipments were : 

1st. — Quick recharge of the auxiliary reservoirs, to offset longer trains 
and larger cylinders and reservoirs. This is accomplished in the 
design of the triple valve in such a way as to make a larger feed 
groove unnecessary; thus insuring prompt application and pre- 
venting depletion of auxiliary reservoir pressure. 
2nd. — The quick service feature, to compensate for increased length 
of train and bring about more prompt, uniform and certain appli- 
cation of the brake. 
3rd. — The graduated release feature, to neutralize the shock effects 
of long and heavy trains, to add to the flexibility of the brake 
by making it possible to graduate the brakes off, as well as on, 
thus eliminating the loss of time required and risks incident to 
"'wo applications stops." This feature makes possible a proper 
and heavy application at the commencement of the stop and low 
cylinder pressure at the end, therefore saving much time and re- 
ducing wheel sliding. In conjunction with the quick recharge 
feature it also permits making a great number of successive 
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applications without exhausting the air supply, thus rendering 
it practically impossible for a train to run away on a grade. In 
fact, if the pump stops or its capacity is too low to furnish the air 
necessary to properly control the train, it will be brought to a 
standstill until the main reservoirs are replenished. This feature 
also insures against the very dangerous possibility of the engi- 
neer lapping the brake valve after a partial release and forgetting 
it; if he does, the train will be brought to a standstill. 
4th.— More efficient protection against too high cylinder pressure 
being obtained during a service application, ist, by limiting the 
cylinder pressure; 2nd, by using a reducing valve of proper ca- 
pacity; thus wheel sliding is reduced and the proper margin main- 
tained between the power of service and emergency applications. 
Sth. — Better mechanical design resulting in more uniform wear of 

parts, and ease of access for removal or repairs. 
6th.— For the same brake pipe pressure carried, a much higher cylinder 
pressure is obtained in emergency, which pressure is retained dur- 
ing the complete stop, thus materially shortening the stops and 
adding greatly to the safety of the trains. 
7th. — The ability to obtain quick action and emergency cylinder pres- 
sure after a considerable service application has been made, thus 
insuring maximum braking power at a time when it is most likely 
to be needed, viz., after a service application has been made and an 
emergency arises. This is most likely to happen at places where a 
service application for slow down has already been made. 
The reasons why this higher cylinder pressure is necessary and per- 
missible will be explained later. If, for any reason, this higher pressure is 
not desired or is not expedient, the same cylinder pressure as is now ob- 
tained from 1 10 lbs. brake pipe pressure with the old high .speed brake can 
be had with go lbs. brake pipe pressure — ^quite a profitable feature and im- 
porJ:ant in many ways, not the least of which is that it leaves quite a wide 
margin for special and future necessities. It must not be forgotten in this 
connection, that when this high braking power is provided by the brake 
apparatus, there must be a corresponding provision made for increased 
strength of foundation brake gear and adaptation of bearings, trucks and 
rigging to the increased stresses thereby developed. 

Not only were these operative features added to the brake, but it 
was modified in other ways ; for example : ist, smaller auxiliary reservoirs 
than previously employed were used with a given size of brake cylinder for 
the service operations, while for emergency operations, another and larger 
reservoir is added to the service reservoir and the volume of both used 
to give a much higher cylinder pressure than before — the reason for this 
has already been pointed out; 2nd, the braking power is calculated from 
so lbs. cylinder pressure instead of 6o lbs., as was formerly the case; — and 
3rd, while ample and efficient means are provided to limit the cylinder 
pressure to what is predetermined for service applications, in emergency 
a higher cylinder pressure is obtained and held until the stop, that is, 
the reducing valve is operative only in service applications. The im- 
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portance of these modifications is very far reaching, but time will not 
permit of an extended explanation of the reasons or even mentioning all 
that is involved. We will at least attempt to show that the reasons 
are sound and the gains from a legal and safety standpoint down to that 
of maintenance such that, if understood, they cannot be ignored. 

In two ways there had come into existence a considerable change 
from the original design of passenger car brake apparatus. The auxili- 
ary reservoirs had become larger in proportion to the brake cylinder vol- 
umes to compensate for the lessened value of the air vented from ihe 
brake pipe to the brake cylinder in emergency applications, because of 
increased size of brake cylinder with the brake pipe volume remaining 
practically constant. The leverage ratio had been increased also be- 
cause of reluctance to use large cylinders as cars increased in weight. 
This continued until operation in service was adversely affected with 
regard to shoe clearance and the graduating features of the brake. 

To properly meet the requirements of service, it has become nec- 
essary to limit the leverage ratio employed to 9 to i, and to base the 
braking power upon the service brake cylinder pressure actually ob- 
tained, and to use an auxihary reservoir bearing the same proportion to 
the brake cylinder volume as in the original brake design. An additional 
emergency reservoir compensates for the difference which there came 
to be between the added emergency pressure obtained from the brake 
pipe with the small brake cylinders of the earlier equipments and the 
very large cylinders of today. 

In fact, once the necessity for this provision was established, it 
became evident that it could be carried further and the additional reservoir 
allowed to compensate, not only for the difference mentioned, but to give 
a still increased emergency brake cylinder pressure and, incidently, be 
made use of during service applications to obtain other functions such as 
furnishing a practically unlimited air supply, for obtaining a quick re- 
charge of the auxiliary reservoirs, and permit of a graduated release — 
something heretofore impossible with an automatic system and character- 
istic of straight air and vacuum brakes only. 

Not only is a higher pressure obtained in emergency than heretofore 
possible with a given pressure carried, but this pressure is held from the 
beginning to the end of the stop, the conditions making this desirable 
and possible being hereinafter mentioned. 

It should not be inferred, however, that this high pressure is ob- 
tained during service applications, for this cannot occur for two reasons : 
1st, the "emergency" or supplementary reservoir does not come into use 
during service applications ; and 2nd, the maximum cylinder pressure 
which might be obtained from a high pressure carried in the ordinary 
service application auxiliary reservoir is prevented by means of a 
reducing valve which operates only in service applications, keeping the 
pressure down to what is predetermined, safe and necessary, but is 
automatically cut out when the emergency application is made. We may 
say that we believe the successful use of the high speed brake requires 
an ample protection against excessive cylinder pressure for service ap- 
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plications, for it certainly would not be good engineering to take the 
thousand and one chances of individual wheel sliding, etc., in service, to 
the same extent as in emergency applications. We do not want to be 
understood as being committed to 60 lbs. as a maximum cylinder pressure 
permissible for service applications, but as giving illustration to what 
is self-evident; namely, that when once this pressure has been determined 
upon, the means used should be adequate to so limit it. In this connec- 
tion we cannot too emphatically state that one of the most valuable 
features in connection with the new brake for passenger service is that 
the same stopping power, as with the old brake, can be obtained from 
70 lbs. pressure carried instead of no lbs.; therefore, a brake equal 
to that at present in use and employing no lbs. brake pipe pressure 
can be had by the use of 70 lbs. pressure, thus leaving open the choice of 
taking advantage of the lower pressure and stopping in about the same 
distance as at present, or employ the same pressure as at present, and 
materially shortening the stop. In any case it will be seen that we have 
a brake of very wide range and extended adaptability. 

There naturally arises, independent of the service operation of the 
brake, a question as to the implied departure from the principle of reduc- 
ing the braking power as the speed decreases after an emergency applica- 
tion, but an understanding of the factors involved and the changes in the 
equipment and conditions that have occurred since this principle was 
first enunciated will show that there is no real departure, but that the 
principle itself is as much a requirement as it ever was. As a matter 
of fact the required protection against excessive braking force toward 
the end of the stop commonly exists to a marked degree, in that the 
brake shoe itself now acts as a substitute for the former high speed 
reducing valve. This is because the coefficient of friction is neither 
so high nor is it increased as the speed reduces to the same degree as 
before on account of the much greater amount of work the shoe has to 
perform, due to the increased weights and speeds. 

. Moreover, because of the greater rigidity of cars and foundation 
brake gear, greater resistances and losses, longer wheel base (which 
lessens the shifting of weight from one truck to another during a stop), 
greater uniformitj' of brake shoe metal employed and of braking power 
on all cars, the nominal braking power employed can be much greater 
than ever before; in fact, it is absolutely necessary if trains are to be 
stopped in the same distance now as when the conditions of forty years 
ago prevailed. A natural inference from these statements would be that, 
notwithstanding the improvements already referred to, stopping power has 
not been increased in proportion to the requirements. This is a fact; 
for, as has already been pointed out, with all the improvements mentioned, 
the trains of today cannot be stopped in any shorter distance than was 
possible at the time of the Westinghouse-Galton tests in 1878. 

Thus we see that the principle laid down by Mr. Westinghouse at 
that time is not violated in the least, but, on the contrary, its truth is 
being made more apparent from year to year, the difference being that 
instead of 360 per cent, braking power being required before it becomes 
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necessary to reduce the pressure during a stop from 60 miles per hour 
speed, as the report of the above tests shows, it is more liltely that 500 per 
cent, nominal braking power .will be required before the reducing princi- 
ple needs to be considered at such speeds, and correspondingly higher for 
greater speeds. 

Nor should it be overlooked, in this connection, that it was necessary 
to pass through a stage of development and experience along these lines 
before such conclusions could be reached. It may therefore be seen that in 
this, as well as in other developments mentioned before, experience and 
conditions have joined hands in bringing about the recent changes in air 
brake practice for passenger cars. We have in mind a number of tests 
made during the past few years in which the nominal braking power was 
180 per cent, to 220 per cent.,-and this constantly maintained until the end of 
the stop for all speeds, without flattening wheels ; in fact, the only result 
was to shorten the stop as compared with those of lower braking power. 

That this question of high braking power may not be misconstrued, 
it may be well to state that the nominal braking power and the retarded 
force actually realized on the wheel are two different things, and we 
would earnestly recommend that all interested, if they have not already 
done so, read a paper entitled " What Stops a Moving Train ? " which 
wa.s presented before the Western Railway Club and published in their 
proceedings of May isth, 1906, which throws considerable light on the 
subject. CSee Appendix.) 

To illustrate what is meant by this difference in nominal and actual 
braking power, it is sufficient to state that with a rail adhesion of 25 per 
cent, (which is low) and a coefficient of friction of 7 per cent, (which 
is high for present maximum speeds,, materials and weights), a nominal, 
ISO per cent, braking power will give a retarding force of only 10^ 
per cent, of the weight of the vehicle — still far short of being equal 
to the adhesion of the wheel and the rail, which is the force compelling 
its rotation. This naturally leads to a consideration of 

Braking Power and Wheel Sliding. 

The amount of braking power which can be applied to a car wheel, 
without causing it to slide, depends upon two things: ist, the total 
amount of frictional force developed between the wheel and the rail ; 
and 2nd, the total amount of frictional force developed between the 
brake shoe and the wheel; such forces as journal friction, friction be- 
tween wheel flanges and rail, etc., which have more or less effect under 
certain conditions being disregarded. 

As has been frequently pointed out, the maximum retarding effect is 
obtained when the brake shoe friction is as high as possible and yet not 
greater than the rail friction or " adhesion '' and the greater the " adhe- 
sion " the greater the possible retardation. The effectiveness of a brake 
of high efficiency, utilizing to the greatest practicable extent the possi- 
bilities of a high " adhesion " coefficient, is illustrated in the case of the 
automobile brake. When the former does exceed the latter and thus 
causes the wheel to slide, a decided loss in retarding effort results. 
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As the (percentage of braking poiver in terms of the light weight of 
the car and the retarding force are no longer convertible terms, the 
latter cannot be measured by such percentage, but is determined by the 
proportion of brake shoe pressure actually converted into frictional force 
between the shoe and the wheel, which varies inversely with the speed, 
pressure and time. 

In each of the two prime factors, viz., rail friction or " adhesion " 
and brake shoe friction, mentioned above, there are two secondary factors 
concerned. The frictional force between the wheel and the rail, which is 
the force acting to keep the wheel rotating, depends upon the weight 
carried by the wheel and the coefficient of friction between the wheel 
and rail. The frictional force between the brake shoe and the wheel de- 
pends upon the pressure exerted upon the 'brake shoe, and on the co- 
efficient of friction between the shoe and the wheel. In the problem of 
properly adjusting the braking power so that a maximum retarding effect 
may be obtained without sliding the wheels, there are, therefore, four var- 
iable factors to be considered, viz., weight on wheel, coefficient of rail 
friction, brake shoe pressure and coefficient of brake shoe friction. 

That this problem is really a most complicated one will be realized 
on further consideration of each of these variable factors. 

1st. — The weight carried by any one wheel can easily be determined 
for any given car, when it is not moving. But when in motion and the 
brakes are applied, new forces are introduced which so affect the dis- 
tribution of pressure on the wheels that it becomes impossible to determine 
the exact weight carried by each wheel at different periods of the stop. 
The tendency of the car body to pitch forward and the tilting of each 
truck results in a heavier pressure being exerted on the forward truck 
and on the forward axle of each truck. The amount of these pressures 
depends not only on the rate of reduction in speed, but also to a 
large extent on the action of the cars ahead and behind the one con- 
sidered. 

2nd. — The coe-fhcient of friction betzveen the iviheel and the rail is 
also a more or less uncertain quantity. While practically independent of 
the speed, it varies with the condition of the rail surface, and may have 
widely different values at different points on a given line of track, or 
under changing conditions of weather. This coefficient is also doubtless 
affected by the pressure, its value decreasing slightly as the pressure 
increased, but the exact relation is not yet thoroughly understood. 

The frictional force exerted by the brake shoe depends upon the 
pressure exerted upon the brake shoe and the coefficient of friction be- 
tween the brake shoe and wheel. 

3rd.— T/ie brake shoe pressure is the resultant of the pressures 
exerted by the brake beams and hanger links. As the wheels and shoes 
are constantly wearing, the inclination of the hanger link, when the 
brake is applied, is constantly changing. This exerts a variable influence 
on the pressure transmitted from the foundation brake gear through the 
brake beam to the shoe, so that in actual service the determination of 
the exact amount of pressure acting on the brake shoe is by no means 
a simple problem. 
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4th. — The coefUcient of friction at the brake shoe is a variable 
quantity of the most complex character, depending upon the quality of 
the two metals in contact, the relative speed of the two surfaces in con- 
tact, the time during which the shoe remains applied, and to a certain 
extent on the pressure. The kind of metal used for the brake shoe is the 
factor of greatest influence, since it determines not only the initial coeffi- 
cient of friction but also the character of the variation which the co- 
efficient of friction undergoes during the progress of the stop. 

A determination of the proper amount of braking power to be used, 
which will give a reasonable margin of safety from wheel sliding, involves, 
therefore, a consideration of these four variable factors, viz., weight on 
wheel, coefficient of rail friction, coefficient of brake shoe friction and the 
pressure on the brake shoe. Of these, the last is the only factor of the 
four over which we have any control, and that only partially; and it is 
this factor which must be properly decided upon in advance so as to give 
the maximum braking effect, consistent with safety from wheel sliding 
under the extremes determined by the other three factors involved. 
This is rendered the more difficult by the fact that these coefficients of 
friction between the wheel and rail and between the wheel and the shoe 
are not only different, but each is constantly changing during a given 
stop. Therefore, the statement that a car has so much " per cent, braking 
power " is only a convenient way of specifying the calculated amount of 
pressure applied to the shoes from the foundation brake gear. It does 
not convey any information regarding the existing margin of safety 
against wheel sliding, and very little as to the retarding force avail- 
able to overcome the momentum of the car or train of cars. The best 
that can be done is to thoroughly analyze the factors as outlined above 
and be governed by the general law in the case, expecting that extreme 
deviations will at times produce undesirable results, which, however, is 
by far the less of the two evils confronting us, viz., failure to properly 
control the train, particularly at times when danger is imminent; or, 
to properly control the train at all times, but with, perhaps, occasional 
wheel sliding. 

A factor not mentioned up to this point is the rotative energy of the 
car wheel due to its .inertia. Evidently, this would tend to keep- the car 
wheel rotating, even if the brake shoe friction was equal to or slightly 
exceeded, even, the rail friction. This introduces another factor, varying 
with the square of the speed, requiring consideration at all speeds, but of 
considerable importance at high speeds. By neglecting to consider it, 
however, the error will always be on the safe side, as regards wheel 
sHding, as its effect is to keep the wheel rotating when otherwise it 
would stop. 

In what has been said with reference to wheel sliding, and the con- 
ditions under which it is to be expected, no mention has been made of 
influences affecting the problem outside of the car itself. In other 
words, the statements made and conclusions reached up to this point have 
been concerning a single car, running alone. When coupled to other cars 
in a train, the circumstances are entirely different, for each car is then 
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affected by the other cars to a greater or less extent and it frequently 
happens that the influence of one car upon another in the same train is 
much greater than all the other forces existing on that car. For example, 
the statement is often made that the most prolific cause of wheel sliding 
is unequal braking power in a train. What is meant by unequal braking 
power on two cars? Plainly, it must mean that the retarding force, the 
force which brings the cars to a standstill, is not the same on the two 
cars. A strain is, therefore, set up at once by the higher braked car 
tending to stop it much quicker than the lower braked car, and, if this 
strain becomes sufficiently great, the adhesion of the wheels on the 
higher braked car to the rails is overcome by the pull or push of the 
lower braked car and they are skidded. It is important to notice just 
here that the fault was not with the car on which the wheels were 
skidded, but with the lower brake car on which the brakes were not 
doing as much in proportion to their load as were those of the higher 
braked car. The last statement then raises the question, " What is 
necessary to overcome this tendency of one car to run ahead of the 
other and force the latter ' off its feet ' ? " There must be the same re- 
tardation, or rate at which the speed is being decreased on each car. 
This can only be brought about when the proportion of retarding force 
to the momentum of the car is the same for each car. In other words, 
within reasonable limits, the braking percentage of the weight of the 
cars should be the same, the cylinder pressure obtained and retained 
should be the same, the composition of the brake shoes should be the 
same, and the nearer each wheel comes to carrying the same weight, the 
more uniform will be the retardation. These are not all the factors, but 
are illustrative of what is involved, and it is because they are more nearly 
uniform today than ever before, and because many variable factors are 
reduced to a minimum in the more recently developed brake for pas- 
senger cars that it is possible to utilize much higher nominal and actual 
braking power than ever before. 

Another thought that may assist in distinguishing between nominal 
and actual braking power or retarding force is that if we brake a car 
at 100 per cent, of its weight, it does not stop dead the instant the 
brake is applied for the reason that the actual resistance against which 
this braking power is acting is not the weight of the car, but the kinetic 
energy of this weight which is proportional to the weight and to the 
square of the speed at which it is moving. Therefore, as already 
stated, 100 per cent, braking power is only a convenient way of stating 
the number of pounds calculated braking force acting on the shoes. It 
does not mean that the momentum of the car is opposed by an equal 
resistance in the opposite direction, nor does it even mean that loo 
per cent, of the weight of the car is being exerted as retarding force, 
for, as has been pointed out, the actual retarding force, is entirely 
different from the brake shoe pressure. 

. Probably the thought uppermost in the minds of most of you now is : 
" What would be the effect of such a high nominal braking power, as is 
proposed, at low speeds and as the speed decreases during a stop from 
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THE RELATIVE CHANCE IN CYLINOER PBES«UNE ON BNAK 
ING POWER OF A 4" OB 12* •TROKE A* COMPARED TO AN 6' 
STROKE FOR VARIOUS BRAKE PIPE RCOUCTIONS WITH AN B* CVt 
AND 8T-0. C, I. AUX. RE6. AND TO LBS. BRAKE PIPE PRESSURE 

A DIAGRAM TO SHOW TNt GREAT LOSS OR GAIN OE FLEK- 
IDILITV RESULTING FROM LARGE OR SMALL STROKE WHEN PAR- 
TIAL APPLICATIONS ARE MADE AND THE SMALL LOSS OR GAIN 
OF POWER FOR FULL APPLICATION 




BRAKE PIPE REDUCTION 



Fig 20. Chart Showing Effect of Variation from Standard Piston 
Travel on . Percentage of Braking Power. 

high speed?" At low speeds the stop will be completed before the maxi- 
mum braking power can be obtained. At medium speeds some of the 
wheels may slide for a short distance, but as the stop will be much 
shorter than with a lower braking power, flat wheels will not result. 
As the speed is reduced during a high speed stop, the natural increase in 
coefficient of friction due to the decrease in speed is largely offset by the 
" time and work element " effect on the metals in contact, so that in 
many cases the coefficient of friction is less at the end of such a stop 
than at the beginning, owing to the heating of the metals. 

Aside from all other considerations, it will be seen that the retarding 
force would have to be equal to over i6 per cent, of the nominal braking 
power of ISO per cent, before the wheel adhesion to the rail could be 
overcome and it is doubtful if any such coefficient of friction is obtained 
under modern conditions. But you say: "We slide wheels with much less 
braking power." This, as a general proposition, we do not grant, for it 
is apparent that a greater retarding force must be obtained than the ad- 
hesion of the wheel to the rail to cause wheel sliding and this cannot be 
obtained from, say, lOO per cent, braking power and the average rail 
conditions. 

What causes wheel sliding is, primarily, unequal braking power which 
permits of the highest braked vehicles being "jerked or pushed off their 
feet " by the lower braked vehicles. In addition to this, there is the shift- 
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ing of weight during a stop, the tendency of the wheels to run up on 
the shoes, brake hangers having a toggle joint effect and use of flanged 
brake shoes (which sometimes exert a tremendous leverage), improper 
piston travel, the effect of which few appreciate (see Figs. 19 and 20), 
and the mistaken practice often followed of handling the brake valve 
in such a way that the maximum braking power is developed at the end 
instead of at the beginning of a stop. Of course, an important factor to 
be added to the above is the condition of the rail being otherwise than 
average, which consideration is, and should be, disregarded in a brake 
design, as there is no possible way to provide for it in advance. 

Thus you see. while granting that there is wheel sliding under present 
conditions, we attribute it to causes other than the braking power em- 
ployed, and maintain that more wheel sliding will be experienced with a 
low nominal braking power which will vary in service between wide 
extremes than where the braking power is nominally high but more 
uniform. In fact, the proof of what has just been said is continually 
before you and needs only to be pointed out to be recognized; namely 
that most wheel sliding takes place with the low braking powers of 
service applications and not with the high braking powers of emergency 
applications. 

Moreover, with the more recent developments in passenger car 
brakes, most of the preceding causes of wheel sliding are reduced in a 
marked degree through the obtaining of the increased flexibility of ser- 
vice operation by return to the proper proportion of auxiliary reservoir 
to brake cylinder volumes, the quick service feature of the triple valve 
and quick recharge of the auxiliary reservoirs with the consequent prompt 
response of the brakes for reapplications and graduated releases and 
much more efficient retardation caused by proper cylinder pressure for 
service applications. However, in the last analysis it must also be re- 
membered that there should be no compromise between incidental, individ- 
ual wheel sliding and safety. 

Operation of the Improved Brake for Passenger Cars. 

As has been stated, the fundamental principle on which former types 
of triple valves operated remains unchanged in the new triple valve and 
only one piece of apparatus, viz., a supplementary reservoir, has been added 
to the car equipment (see Fig. 21). This is not necessary to the operation 
of the valve so far as the mere application and release of the brakes is 
concerned, but adds some important features to it. The additional reser- 
voir is about double the capacity of the ordinary auxiliary reservoir and 
practically serves the purpose of an unlimited and independent svipply of 
air for performing certain desirable functions. With this source of pres- 
sure available, it has been possible to design a triple valve which will 
accomplish many desirable but hitherto unobtainable results. This new 
triple valve, called the type " L " triple valve, not only performs all the 
functions of the former types of triple valves, but adds to them the 
features of (i), quick service; (2), quick recharge; (3), graduated re- 
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lease; (4), high emergency cylinder pressure, and (s), ability to obtain 
quick action and emergency cylinder pressure after a considerable service 
application has been obtained. 

In charging, air from the brake pipe enters the auxiliary reservoir 
through two channels instead of by means of the single feed groove as 
formerly, there being, in addition to the feed groove, a passage open 
from the brake pipe past the check valve and through the slide valve 
to the space above the slide valve and the auxiHary reservoir. As the port 
leading from above the slide valve to the supplementary reservoir men- 
tioned is also open at this time, both the supplementary and auxiliary 
reservoirs are charged equally from the brake pipe. 

Quick Service Feature. 

The brake is applied in service by a reduction in brake pipe pres- 
sure, as with former triple valves, but with this difference : — in the move- 
ment to service position, the triple valve slide valve and graduating valve 
(which is also of the slide valve type) make a momentary connection 
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Fig. 22. Rack Test, no lbs. Brake Pipe Pressure. Brake Cylinder 

Cards Showing a 2o-Pound Service Application and Typical Release. 

Old and New Equipments. 
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Fig. 23. Rack Test, no lbs. Brake Pipe Pressure. Brake Cylinder 
Cards Showing Graduated Appl"ication (from Successive s-Pound Re- 
ductions) Followed by Typical Release Old and New Equipments. 
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I'iG. 24. Rack Test, no lbs. Brake Pipe Pressure. Brake Cylinder 
Cards Showing Graduated Application (from Successive s-Pound Re- 
ductions) Followed by " Straight- A way Release." Old and New 

Equipments. 
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from the brake pipe to the brake cylinder. This connection is closed if 
the parts move to their full service position, but ordinarily opens and 
closes with the different brake pipe reductions or graduations of the 
valves. This constitutes the quick service action of the triple valve in 
that it causes a slight but definite reduction in brake pipe pressure lo- 
cally at each valve. The effect of a service reduction in brake pipe 
pressure at the brake valve is thus quickly and uniformly transmitted 
from car to car throughout the train in a manner similar to the quick- 
action operation of a triple valve, but, owing to the relatively small 
port openings made, correspondingly less in amount, and, as the open- 
ings are controlled in unison with and in the same manner as the ordi- 
nary service ports, the graduating feature of the brake is unimpaired, 
and the very serious effect of increase of brake pipe volume largely 
neutralized. 

Thus the influence of this feature is to insure that the brakes apply 
promptly and become effective quickly and uniformly and thus prevent the 
surging of the cars due to the slack action and unequal braking power in 
different parts of the train. When the brake cylinder pressure becomes 
so high, as from heavy reductions, that to continue such a rapid rise 
would tend to produce severe strains, the quick service effect automatically 
disappears. 

Fig. 23 illustrates the effect of the quick service feature in its in- 
fluence on the rate of rise of cylinder pressure on the individual car, 
when making a heavy service application. As shown by the solid line, 
the rise of pressure is much more rapid with the new than with the old 
equipment, there being over 30 lbs. in the brake cylinder with the new 
equipment when there was only 10 with the old. This would be the 
more pronounced the longer the train, both with respect to the time 
required to get the brakes applied and in the rate of rise of cylinder 
pressure. The quick service feature also has another effect, as shown 
by Figs. 23 and 24, which contrast a graduated application of the brake 
in successive reduction of 5 lbs. with both equipments. For the same 
preliminary reductions it will be seen that about three times as much 
cylinder pressure is obtained with the new equipment as with the old, 
which difference, however, becomes less and less as the equalizing 
point is approached, showing that the effect of the quick service port is 
felt chiefly in getting the brakes applied and for the low ranges of cylin- 
der pressure, while when the cylinder pressure becomes so high that a 
rapid rise would be severe, this difference in rate disappears and the 
pressures rise at about the same rate with both the old and new equip- 
ments. 

Quick Recharge. 

In its movement from release position to service position, the slide 
valve blanks the port leading from the supplementary reservoir and its 
pressure therefore remains constant and equal to that normally present 
in the brake pipe. Consequently, when a release is made in the ordinary 
way the movement of the slide valve to release position opens communi- 
cation from the supplementary reservoir to the auxiliary reservoir now 
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at lower pressure so that the latter is recharged not only through the 
feed groove and charging port previously mentioned, but also from the 
supplementary reservoir. This, being of large volume and at practically 
normal brake pipe pressure, is alone able to almost completely recharge 
the auxiliary reservoir and in so short a time that the rise in auxiliary 
reservoir pressure is practically simultaneous with the fall in brake 
cylinder pressure and the rise in brake pipe pressure. In this way a 
practical equality of pressure is maintained on the opposite sides of the 
triple valve piston, which insures that it will respond promptly to a 
reduction closely following a release and that proper braking power will 
be secured in response to such successive reductions, with reserve 
power still sufficient to obtain a higher cylinder pressure on an emergency 
application than is possible with the old equipment when no previous 
application has been made. 

Fig. 2S illustrates the difference in the recharging of the auxiliary 
reservoirs with the new and with the old equipments, showing that with 
the new equipment the increase in reservoir pressure is simultaneous 
with the rise in brake pipe pressure. These curves were plotted from 
records taken on the first and sixth cars of a six-car train. After 
making a 20-lb. service reduction the brake valve handle was placed in 
full release position for six seconds, then returned to running position. 

Comparing the time taken by each equipment to recharge the train 
to IDS lbs., it is seen that the new equipment required an average of 
only 4.4 seconds, while with the standard equipment 27 seconds were 
required, or over six times that required in the former case, which is a 
saving in time, for the new equipment of 83.7 per cent. This almost in- 
stantaneous recharge to 105 lbs. secured with the new equipment is a 
most desirable feature, as the time lost in waiting for the auxiliary reser- 
voirs to be recharged is practically eliminated, and the ability to make 
a number of successive applications and releases, with certainty and 
safety, is secured. 

This in.stantaneous response to successive brake pipe reductions is 
shown by Fig. 26. The curves show the rise and fall of brake cylinder 
pressure on four successive 20-lb. reductions from no lbs. brake pipe pres- 
sure, the fifth rise of cylinder pressure shown being an emergency appli- 
cation following the fourth release. The reductions were made 15 seconds 
apart. It will be seen that practically the same cylinder pressure was 
obtained with each service application with the new equipment, while 
after the first application with the old equipment, 28 lbs. was the highest 
cylinder pressure obtained. The difiference here is due to the fact that 
with the old equipment the brake pipe was charged up much higher than 
the auxiliary reservoir, owing to their not having the quick recharge 
feature. Therefore, at least one-half of the amount of the reduction did 
no more than draw oft the recharge of the brake pipe. It will also be 
seen that an emergency application with the new equipment resulted in 
96 lbs. cylinder pressure being obtained, notwithstanding the very high 
cylinder pressure resulting from each of the preceding service applica- 
tions, while with the old equipment the emergency application resulted 
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in only 76 lbs. cylinder pressure, or less than 80 per cent, of that obtained 
with the new, yet this brake had given but low cylinder pressures on the 
preceding service applications save on the first. If it had been desired 
to obtain the same cylinder pressure with service applications with the 
old equipment as was the case with the new, 30-lb. service reductions 
would have been required instead of 20, in which case the cylinder 
pressure resulting from the fifth or emergency application would have 
been very much lower. 

Another thing that will be noticed is that, notwithstanding the fact 
that the brake valve handle was placed in emergency position at the same 
time in both cases, the cylinder pressure had only started to rise with the 
old equipment by 'the time that maximum cyhnder pressure was obtained 
with the new. This is because with the new equipment the brake pipe 
and auxiliary reservoir pressures were practically equal at the same time 
the application was made ; consequently, the triple valve piston was in a 
balanced condition, ready to respond instantly, while with the old equip- 
ment the brake pipe pressure was much higher than the auxiliary reservoir 
pressure, and this difference had to be drawn off before the triple valve 
could respond. This one illustration shows in a very graphic manner 
the value of quickly recharging the auxiliary reservoirs and demonstrates 
that the weakest element in the automatic brake system, namely, the 
possibility of depleting the auxiliary reservoirs, or failure to recharge 
them quickly, has been entirely eliminated. 

It is interesting to note in passing that the slope of the curve 
showing the rise of cylinder pressure for the service applications indicates 
clearly the effect of the quick service feature already referred to. This is 
particularly noticeable for the first application, when the valves respond 
at practically the same time. 

Graduated Release. 

The manner in which the air in the supplementary reservoir is made 
to assist in recharging the auxiliary reservoir is suggestive and its pos- 
sibilities evident, for it should not be forgotten that, when releasing, the 
supplementary reservoir delivers air through the slide valve to the 
chamber on the auxiliary reseri'oir side of the triple valve piston. Con- 
sequently, if the brake pipe pressure is increased sufficiently to move the 
triple valve piston to release position, but not to equal the equalization 
pressure of the supplementary and auxiliary reservoirs, the flow of air 
from the former to the latter will increase the pressure on the auxiliary 
reservoir side of the piston above that in the brake pipe on the opposite 
side. This will cause the piston to again start to service position (an 
increase in auxiliary reservoir above brake pipe pressure having the same 
effect as a decrease in brake pipe pressure lielow auxiliary reservoir 
pressure) and in its movement cut off the ports supplying air from the 
brake pipe and supplementary reservoir to the auxiliary reservoir and 
close the exhaust port from the brake cylinder, thus permitting only a 
partial release of the brakes. This operation can be repeated, each suc- 
cessive increment in brake pipe pressure being accompanied by a corre- 
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spending increase in auxiliary reservoir pressure and partial release or 
" graduation " of brake cylinder pressure until the supplementary and 
auxiliary reservoir pressure become equal, after which the triple valve 
piston will remain in release position and permit the final recharging of 
the supplementary and auxiliary reservoirs together. 

Fig. 22 not only shows the effect of the quick service feature, as be- 
fore mentioned, but shows also the possibility of graduating the brakes off 
with the new equipment as contrasted with the uncontrollable release of 
the old equipment. Here four graduations of the release were made be- 
fore the final release,- which demonstrates that at last the long desired 
ability to graduate the release of the brakes, as was possible with the 
straight air or vacuum brake, is now a practical feature of the much 
more efficient automatic brake. This diagram also illustrates that it is 
now possible to apply the brake with one application as strongly as may 
be necessary for the stop and yet graduate it off as the stopping place is 
approached, thus making the stop in the shortest possible time consistent 
with smoothness and accuracy. As shown by Fig. 23 it is not necessary to 
apply the brake fully with one reduction i£ circumstances require other- 
wise; neither is it necessary to graduate the release with the new equip- 
ment if a straight away release happens to serve the purpose better 
(see Fig. 24), as, for instance, when letting the brakes off after they have 
been applied to steady the train around a curve, etc. Only an approach 
to the graduated release could be obtained with the old equipment, viz., 
by using what is termed the " two-application method " of stopping, which, 
however, consumes valuable time, depletes the auxiliary reservoir at a 
time when most likely to be needed and, unless done expertly, is often 
more prolific of shocks than is the method of applying the brakes step 
by step and releasing just as the train stops. 

Figs. 26, 22, 23 and 24, when considered together, graphically illus- 
trate the difference in the service application feature of the new and old 
equipments and show that all the features of the old equipment have 
been obtained and improved and certain new and essential features 
added. 

High Emergency Pressure. 

Having in reserve the air in the supplementary reservoir, it is but 
logical that it should be utilized in conjunction with that in the auxiliary 
reservoir and brake pipe to augment the brake cylinder pressure in 
emergency applications when, as we have seen, the braking power 
available should be considerable higher than the maximum permissible in 
service. This is accomplished by means of a " by-pass " valve incorpo- 
rated in the triple valve structure and remaining inert except during a 
quick-action application of the brakes. The movement of the triple 
valve slide valve to emergency ^position, however, causes the "by-pass" 
valve to operate so as to open communication from the supplementary 
reservoir direct to the auxiliary reservoir, which is, in turn, open to the 
brake cylinder, so that for emergency applications the ordinary service 
auxiliary reservoir is, in effect, replaced by a reservoir three times as 
great and the emergency cylinder pressure correspondingly increased. 
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During service applications the brake cylinder is connected through 
ports in the slide valve with a safety valve of large capacity attached to 
the body of the triple valve. This safety valve, therefore, serves the 
same purpose as a high speed reducing valve during service applications, 
viz., it prevents the brake cylinder pressure rising above that which is 
predetermined by the setting of the safety valve as being the maximum 
permissible in service applications with the proper margin of safety 
against wheel sliding. When an emergency application is made, how- 
ever, all connection to the safety valve is cut off and the high emergency 
cylinder pressure is maintained without reduction until a release is 
made. 

Fig. 27 illustrates the high pressure emergency and retaining feature 
of the new equipment as compared with the action of the old equipment, 
no lbs. brake pipe pressure being carried in each case. It will be seen that 
with the old equipment 83 lbs. was the maximum obtained, as against 104 
lbs. with the new equipment, and that this latter was obtained in the cyl- 
inders of the new equipment before the 83 lbs. was reached with the old 
equipment, and, finally, that the pressure in the case of the old equipment 
was gradually reduced so that, at the end of 45 seconds, only 60 lbs. 
remained in the cylinders while 104 lbs. still remained in the brake 
cylinders of the new equipment. This shows an accomplishment re- 
markable in two respects — ist, 21 lbs. higher brake cylinder pressure 
should be obtained in the one case without any increase of initial 
pressure carried; and 2nd, that by the combination of the high pressure 
and its retention during the stop an effective means is provided to com- 
pensate for the lowered coefficient of friction between the brake shoes 
and wheels, resulting from the increased work required at each brake 
shoe under modern conditions. 



Quick Action and High Emergency Pressure After Service 
Application. 

The supply of compressed air reserved in the supplementary reser- 
voir during service applications is utilized to increase the service brake' 
cylinder pressure already obtained, should there suddenly be need for 
stopping as short as possible during the progress of an ordinary service 
stop. This is accomplished in the design of the triple valve alone, without 
additional apparatus, and materially increases the efficiency of the new 
equipment over former types as regards safety of operation. The cases 
in which it is necessary to have a high emergency pressure at command, 
after having made a service reduction, are obvious. For example, while 
making a slow-down, for signal, station stop, or otherwise, a sudden stop 
may become necessary either in response to a signal or to avert disaster. 
Furthermore, with the present conditions of frequency and high speed 
suburban train service and the necessity for making station stops in the 
shortest possible time, which requires the making of full service applica- 
tions, it is imperative that the train be equipped with a brake which will 
permit of emergency applications being obtained after as considerable 
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a service application. With the new equipment an emergency application 
may be made immediately, whether a release has been made or not, with a 
certainty of securing a high brake cylinder pressure in either case. 

Fig. 28 illustrates this feature, which has added very materially to 
the safety resources of the brake, in that it is now possible not only to 
vent the reserve supply of air in the supplementary reservoir at full 
pressure into the brake cylinder after a service application, but aho to 
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Fig. 28. Rack Test, no lbs. Brake Pipe Pressure. Comparative Brake 

Cylinder Brake Pipe and Auxiliary Reservoir Cards. 30-LB Service 

Reduction Followed by Emergency. New Equipment. 

transmit quick action throughout the train under these conditions and in 
as short a time as if a quick action application had been made at the begin- 
ning. From Fig. 28 it will be seen that after about a 30-lb. reduction had 
been made, giving a cylinder pressure of over 60 lbs. that an emergency 
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application was then made and not only over loo lbs. cylinder pressure 
obtained but also that quick action was transmitted, as seen from the 
difference in rate of fall in brake pipe pressure just before and just after 
the emergency application was made. 

As will be seen, the three diagrams of Fig. 28 illustrate graphically 
the relations of pressures and the movement of air in the brake pipe, 
auxiliary reservoir and brake cylinder, respectively, during the progress 
of the application and release. With this before you, we feel justified in 
saying that never before has the personal equation been reduced to 
such low terms or the potentiality of a given quantity of compressed air 
so completely and so effectively utilized. 

Service Results. 

The curves which follow will illustrate the effect of the operative 
features which have been described and the results thereby secured with 
regard to train control in actual service. 

The cards chosen as representative of results in actual service are 
taken from two different demonstrations, viz., that made at Absecon in 
1907 on the Pennsylvania Railroad and at Hayward, California, by the 
Southern Pacific Railroad in igo8. Sufficient information is given on 
each cut itself to make extended interpretation unnecessary ; there- 
fore, only the salient differences in operation and results will be mentioned. 
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Fig. 29. High Speed Passenger Brake Tests. Standing Tests. Brake 
Cylinder Diagrams from First Car, Showing Method of Making 
Service A-pplications and Releasing with Old and New Equipments. 

Fig. 29 shows the difference in the service application and release 
feature of the two brakes in actual train operation. It will be seen thatt 
the brake with the old equipment is graduated on, but the release was 
without control at the instant of stop, while with the new brake the 
application was commenced much later, was made with <jne reduction and 
graduated off, insuring a smooth and accurate stop, and yet the train 
stopped at the same place as with the old equipment. 
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Fig. 30. High Speed Passenger Brake Tests. Standing Tests. Com- 
I'ARATivE Diagrams from 7th Car Showing Control of Brake Cyl- 
inder Pressure by Engineer During Release of Brakes with Old and 

New Equipment. 
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Fig. 30 shows that quick-service feature in the application and also 
again the difference in the release of the brakes. 

Fig. 31 is a characteristic card of an emergency application with the 
two equipments, 90 lbs. being used as the standard brake pipe pressure 
with the new equipment and no lbs. with the old. It will be seen that 
even with this difference carried a higher cylinder pressure was obtained 
with the new equipment than with the old, and because of the retaining 
feature the average cylinder pressure with the new equipment for the stop 
was much higher than with the old equipment. This, of course, makes 
clear the reason why a shorter stop can be made using 90 lbs. brake pipe 
pressure with the new equipment than can be made with the old equip- 
ment using no lbs. brake pipe pressure. 

In Fig. 32 we have curves showing comparative stops with the new 
and old equipments from a speed of 84.2 m. p. h., and as these curves were 
made for the cars alone, the engine having been cut off at the point of 
brake application in each run, it will be seen that they are strictly compar- 
able as to the relative efficiency of the two equipments. 

^NEW EQUIPMENT 

/ ! ' } — ^ ^^^^^ mi [1 

/y'\ -^.^ ^OLD EQUIPMENT 



Pre. 31. High Speed Passenger Brake Tests. Emergency Applica- 
tions, Standing Tests. Comparative Diagrams of Cylinder Pressure 
ON rsT Car Using 90 lbs. Brake Pipe Pressure with New Equipment, 
no lbs. Brake Pipe Pressure with Old Equipment. 

The great distance required to make the stop will, no doubt, impress 
most of you — particularly those who have been thinking of about 1,000 
feet as being the distance in which a high speed train should be stopped. 
Here we see that about 2,600 feet is required in which to make the stop, 
and had the engine been attached to the cars the distance would have been 
much greater. But we need only to call your attention to the initial 
speed (84.2 m. p. h.) and the great amount of work required per second 
from the brake shoes to stop in the distance shown, in connection with 
what has been said before wh^n considering the theoretical side of this 
question, particularly with reference to those factors which affect the 
coefficient of friction between the shoes and the wheels, to suggest the 
cause. 

The difference in stop in favor of the new equipment was 319 feet. 
The speed at which the train with the old equipment was running when it 
passed the point at which the train with the new equipment stopped was 
30 m. p. h. 
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,a4 2 M. p. H. 




COLLISION ENERCY - 2S, 40a, 4ra FT. LBS. IN TRAIN ■ 
WITH OLD EQUIPMENT WHEN PASSING POINT AT WHICH 
TRAIN WITH NEW EQUIPMENT STOPPED. 
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Fig. 32. High Speed Passenger Brake Tests. Emergency Applications. 

Retardation Curves for Cars Alone in Break-Away Tests, id Cars, 

no LBS. Brake Pipe Pressure. 
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Fig. 33. High Speed Passenger Brake Tests. Emergency Application 

AND Retardation Curves for Two Engines Alone and io Cars Alone 

IN Break-Away Tests, and for Entire Train of Two Engines and id 

Cars, iio lbs. Brake Pipe Pressure. 
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The collision energy in the train with the old equipment at this time 
was 25,400,000 foot lbs. The best measurement of the real effectiveness 
of the two brakes, however, is shown by a comparison of the foot tons 
of work performed by each per second, that of the old equipment being 
2,780 and of the new, ,^,,^2 foot tons per second, or 612 foot tons more 
'work per second for the new equipment, representing" a gain of about 
22 per cent, in stopping power. 

The effect of the engine referred to above is graphically illustrated 
in Fig. 33, which shows stop curves for the engines alone and for the cars 
alone, as well as the train complete. This chart is given chiefly that those 
interested may be able to appreciate the detrimental effect of so much 
" unbraked " weight of the locomotive; that is to say, its relatively low 
per cent, of braking power. 

It will be seen by comparing the stops of the train equipped with the 
old equipment that the stop was about 500 feet longer (3,062 feet) 
with the engine attached than when it was detached. Furthermore, the 
cars with the old equipment, when detached from the engine, stopped in 
2,566 feet while the engines ran 4,081 feet, or 1,515 feet farther. As the 
brake pipe pressure carried was the same on both engine and cars, it will 
be seen that this diff'erence in stopping distance must have been due to 
failure to utilize the braking power possible for such pressures on the lo- 
comotive to the same degree as on the cars. 




Fig. 34. Break-Away Tests, Showing Gap Between Locomotive and 
First Car After Coming to a Stop. (See Fig. },2,) 
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In other words, the efficiency of the car brakes for the same pressure 
carried was much greater than that of the locomotive. A similar com- 
parison for the train with the new equipment is obvious. 

However, a circumstance much more impressive is that from nearly 
the same speed the extreme differences in the stops of these vehicles was 
from 2,121 feet to 4,081 feet, or a gap of 1,960 feet and that one, 
which ran the farthest, had a speed of about 60 m. p. h. when it passed 
the point at which that which ran the shortest distance stopped. Surely 
there is not only room for, but need of, improvement somewhere when 
such a condition exists. 




400 (00 1200 
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Fig. 3S. High Speed Passenger Brake Tests. Emergency Applications 
Comparison of Actual Retardation and that which would have 
OccuRED IF Actual Average Coefficient of Friction had been Con- 
tinuous Throughout the Test. 
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Fig. 34 shows the gap between engines and cars in one of the fore- 
going runs and may serve to give some idea of how an eye witness is 
impressed by a demonstration of this kind. One is led to wonder where 
a modern train would stop without the air brake. 

Fig. 35 consists of curves plotted from records of stops during the 
iame series of demonstrations as the preceding, for the purpose of 
analyzing the variations in the coefficient of friction between the shoes 
and the wheels during the stop. It will be seen that the coefficient of fric- 
tion was nearly constant throughout the stop, the tendency to increase 
as the speed reduced being offset by the time element and the resultant 
effects involved. To illustrate further, it may be pointed out that the 
coelFjcient of friction at the initial speed and pressure should, theoretically 
be about 9>^ per cent., while at a speed of S m. p. h. the coefficient of fric- 
tion should be about 27J/ per cent, whereas the average coefficient actually 
realized for the entire stop was about 9 per cent, and the close agreement 
between the actual and calculated curves shows that there was little 
variation for this. 

It is of interest to note in passing that in order to reduce the speed 
of a train a certain amount, the energy to be destroyed varies directly 
as the average speed. For instance, in order to reduce the speed of a 
train from 70 to 60 m. p. h., 13 times as much energy must be destroved 
as is necessary to decrease the speed of the same train from 10 to o m. p. 
h., the average speed in the first case being 65 m. p. h., and in the second 
S m. p, h., the former being 13 times the latter. 

Fig. 36 represents comparative service stops with new and old equip- 
ments. With the new equipment the brake was applied heavily at the 
commencement of the stop and graduated off as the end was approached, 
and the inclination of the retardation curve shows that the great retarda- 
tion incident to slow speed was eliminated, yet the stop was made about 
7S feet shorter than with the old equipment, where, in order to obtain a 
comparatively smooth and accurate stop, the initial application had to be 
released and a second made. The cylinder pressure diagrams show how 
this was accomplished. 

Fig. 37 is a similar diagram for an emergency stop from a speed of 
about T! m. p. h. for each equipment, the comparison being particularly 
noteworthy from the fact that while no lbs. brake pipe pressure was 
used with the old equipment only 90 lbs. brake pipe pressure was used 
with the new equipment, other things being as equal as possible, yet the 
stop with the new equipment was made in 150 feet shorter distance than 
with the old equipment. The reason for this will be apparent from an 
inspec'ion of the cylinder pressure cards on this diagram, which show 
tfiat notwithstanding the 20 lbs. lower brake pipe pressure employed the 
brake cylinder pressure with the new equipment was much higher than 
with the old. 

What the difference in stop would be when equal brake pipe pres- 
sures are employed with both equipments is shown on Fig. 32, for no lbs. 
brake pipe pressure, and on Fig. 38 for 90 lbs. pressure. The latter shows 
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that with equal brake pipe pressure from an initial speed of about 68 
m, p. h., the train was stopped 364 feet shorter with the new than with 
the old equipment, the reason for this difference again being evident 
from the cylinder pressure cards at the top of the diagram. 



TOTAL WEIGHT OF TRAIN 532.9 TONS. 
WORK DONE DURING STOP. 



PER BRAKE SHOE 



NEW 27 FT. TONS PER SEC. 
OLD 21 FT. TONS PER SEC. 
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Fig. 39. High Spced Passenger Brake Tests. Emergency Applications. 
Comparative Retardation Curves for 8-Car Train^ 90 lbs. Brake Pipe 

Pressure. 

Fig. 39 shows the retardation curves of Fig. 38 reduced to the same 
initial speed and plotted on a distance base. 

It will be evident from this stop, ist, that the pressure carried was 
90 lbs. with each equipment ; and, that the stop is much longer than is 
ordinarily supposed to be required for a modern train ; 3rd, that the 
difference in the stops in favor of the new equipment was 355 feet ; 4th, 
that when the train equipped with the old brake passed the point at 
which the train with the new equipment stopped its speed had only been 
reduced to about one-half the initial speed, viz., 32 m. p. h. ; sth, that at this 
time there was stored upon it a " wrecking " energy of about 36,000,000 
foot pounds ; 6th. that it passed the point at which the new stopped about 
7J-2 seconds before the train with the new equipment reached the point ; 
7th, that it. was still running at over 20 m. p. h. when the train with the 
new equipment Was stopped ; Sth, that it ran for about 100 feet after the 
other train had stopped ; 9th, that at the time the new was stopped the old 
had a " wrecking " energy of over 14,000,000 foot pounds, and finally, loth, 
that the total work done in foot tons per second was 3,014.5 with the 
new and 2,442 with the old. 

Fig. 40 is very important from the fact that it illustrates the speed- 
time relations existing throughout the stop as Fig. 39 does the speed-dis- 
tance relations for the same stop, and offers further illustration and 
proof of what was said with reference to Fig. 35., viz., that with the mod- 
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Fiu. 40. High Speed Passenger Brake Tests. Emergency Applications. 

Comparative Speed Time Retardation Curves for 8-Car Train, 90 lbs. 

Brake Pipe Pressure. 



ern equipment the coefficient does not vary materially during the stop. 
This is shown by the close approach of each of the curves of Fig. 40 to 
the theoretical straight line which would result from an absolutely uniform 
coefficient of friction throughout the stop. 

In these last two diagrams are found all the reasons why braking 
power must be greatly increased as the speed and pressure on the brake 
shoe is increased, if we are to obtain the same proportionate retarding 
force as formerly. 

One other phase of the question needs to be considered which, no 
doubt, has occurred to many of you, viz., what is going to be the effect 
of such a high nominal braking power as we have been considering and 
which, in many cases, is now being put into practice. 

While probably most of you have reached the conclusion that the 
effect at very slow speeds will hardly be distinguished, as the train will 
be brought to a stop before the maximum braking power is obtained 
and that at medium speeds the result will be to perhaps somewhat shorten 
the stop, for obviously the elements of time and speed cannot in such 
cases affect the result through altering the coefficient of friction materially, 
to demonstrate that such results as these would actually obtain, tests were 
made at very low speeds, of which Fig. 41 is an example. While the 
initial speed of the train with the new equipment was somewhat higher 
than that of the other, the curves are practically parallel throughout the 
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stop, showing that the retarding forces actually realized during the stops 
(which lasted only ii seconds in one case and 10.8 seconds in the other) 
were approximately equal throughout. 

At lower speeds the same effect is observed. Records of an emergency 
stop made from 20.6 m. p. h. with the new equipment show that the train 
was brought to rest in a distance of 143 feet in 7.4 seconds time. 

These two slow speed stops are representative, as a great many have 
been made with very high braking power during the several series of tests 
that have been made during the development of the new high speed brake 
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Fig. 41. High Speed Passenger Brake Tests. Emergency Applications. 

Comparative Retard.\tion Curves for Stops at Low Speeds, no lbs. 

Brake Pipe Pressure. Old and New Equipment. 

equipment. The chief object of these tests at slow speed was to deter- 
mine what wheel sliding would take place, but in no case at slow speeds 
did any wheel sliding occur and it is a remarkable fact that not in any 
of these series of tests has a single wheel been removed for flattening. 

To consider for a moment the means which have enabled us to 
shorten so materially the stopping distance for emergency applications 
al high speeds and yet preserve the flexibility of service operation requisite 
for the proper handling of the train under ordinary conditions we see 
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from Fig. 42 that for the same brake pipe pressure (70 lbs.) carried, the 
braking power obtained with the old equipment for a lo-lb. reduction is 40 
per cent., while with the new it is only 32 per cent, and on a full service 
application with the old equipment 80 per cent, is obtained and 90 per 
cent, with the new. This shows conclusively that smoothness in handling 
has been much improved, while at the same time greater stopping power, 
even for service, is obtained when the speed warrants or it is necessary. 
In emergency it will be seen that the braking power with the old equip- 
ment is 84 per cent., while with the new equipment 118 per cent, is 
realized. 




Fig. 42. Chart Showing Cylinder Pressure and Braking Power Ob- 
tained WITH Old and New Equipments, Using 70 lbs. Brake Pipe 

Pressure. 

Fig. 43 further illustrates the principles involved by contrasting the 
new brake at 70 lbs. with the old at no lbs. brake pipe pressure and while 
the service results are the same as pointed out, with the exception that 60 
lbs. cylinder pressure or 70 per cent, braking power is now obtained with 
the old equipment for a full service reduction, the emergency braking 
power is now increased to 127 per cent, with the old equipment, or g 
per cent, more than for the new equipment at the lower brake pipe pres- 
sure. When it is considered, however, that the high speed-reducing valve 
reduces this pressure while the stop is being made with the old equipment 
it will be seen that the average stopping power of the new equipment 
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Fig. 43. Ch^^rt Showing Cylinder Pressure and Braking Power Ob- 
tained WITH Old Equipment Using iio lbs, (Dotted Line) and New 
Equipment Using 70 lbs. (Full Line) Brake Pipe Pressure. 

is greater, using only 70 lbs., than that of the old equipment using 110 
lbs. brake pipe pressure. If no !bs. pressure were employed in both cases 
the braking power with the old equipment would average about 108 per 
cent., while with the new equipment 190 per cent, would be obtained and 
maintained throughout the stop. From this we may appreciate, as in no 
Other way the advantages and great possibilities of using a small reser- 
voir volume for service applications and a large reservoir volume for 
emergency applications. 

As showing concretely the relative efficiency of the various forms of 
brakes for passenger trains, we present for your consideration Fig. 44 
showing approximately the reduction of distance required in which to stop 
a given train of one locomotive and six cars from a speed of 60 m. p. h., 
since the introduction of the air brake. If the page be inverted so that 
Fig. 44 is viewed up-side down, we will have a fair idea of what the 
stops would have been through the respective periods of train development 
had there been no change in the air brake since first applied. 

Fig. 45 further illustrates the tendency of modern rolling stock to 
lower brake efficiency. The retardation curves show the stopping dis- 
tance from about the same initial speed of a train composed of cars 
weighing 30,000 lbs. and braking at 83 per cent, and a train of 84,000 
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lbs. cars braking at 150 per cent. It will be seen that notwithstanding 
the 60 per cent, greater braking power of the heavier train, the differerce 
in stop is not greatly in its favor. The reason for this is clear when we 
consider that the work done during the stop for the light train was 14;^ 
foot tons per brake shoe per second while with the heavy train it was 29 
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Fig. 44. Chart Showing Progress of Air Brake Efficiency as Indicated 
BY Comparative Distances in which Train of Locomotive and Six 
Cars has been Stopped from a Speed of 60 M. P. H. for Various Types 

of Equipment. 

foot tons per brake shoe per second, which shows that under modern 
conditions each brake shoe is doing about twice the amount of work re- 
quired of the old equipment in order to make approximately the same 
stop, which consequently lowered the coefficient of friction and thus 
tended to equalize the actual retarding forces developed in the two cases. 
The curves in Fig. 45 show, ist, the length of stop for the light train 
with the equipment of its day; 2nd, what the stop would have been with 
the heavier train had there been no change in brake equipment to 
correspond to the increased weight of train ; 3rd, what braking power was 
actually required to stop the heavy train in the distance the light train was 
stopped with its brake equipment ; and 4th, what the stop of the light 
train would be if it were possible to apply to it the brake equipment re- 
quired for the heavy train. We believe we can leave this as a significant 
and all-sufficient example of what is required to meet modern conditions 
as effectively as they were provided for in the past. 



Summary. 

From what has gone before it will be seen that the existence and 
development of the passenger brake devices which have been described 
have come about, not spontaneously, of themselves, or solely for them- 
selves, but in response to a definite need or for the purpose of accom- 
plishing certain necessary and desired results, the end in view always be- 
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Date 


Speed 

in 
M.P.H. 


Length 

of 

Stop 

in feet 


Time 

of 

Stop 

in Sec. 


Weight 

of 

Trains 

tons 


Work in ft. 


tons perform 


ed by brakes 


B. P. 

% 


Total 


Per Sec. 


Per Brake 

Shoe Per 

Second 


1875 


56.0 


1020 


22. 


227 


23900 


10S6.4 


14-7 


82.8 


1907 


57.3 


954 


18.7 


559 


61300 


3278 


28.7s 


150. 



Dotted curve shows stop on Midland Raihvay, 1875, zmth the West- 
inghouse Automatic Brake. 

Full-line curve shows stop made on W. J. and S. R. R., 1907, with 
the Westinghouse " LN " Brake. 

Had the braking power, as shozvn in the last column of- the table and 
represented by the full-line curve, been 134 per cent, instead of i^o pet 
cent., the two stops would have been the same. 



Fig. 45. Comparative Retardation Curves and Braking Power Chart 
FOR Trains of 1875 and 1907. 
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ing the safeguarding of life and property and increasing the facility, 
economy, and dispatch with which larger volumes of traffic can be 
handled. 

Briefly, the conditions to be overcome and the objects to be attained 
may be summarized as follows: 

Conditions. 

Increased weights of trains, greatly decreasing the relative efficiency 
of the brake and increasing the energy to be overcome in bringing the 
train to a standstill. Of two trains on the same number of wheels having 
the same nominal percentage of braking power, one being twice the 
weight of the other, the heavier train will run at least one-third farther 
than the other. 

Higher running speeds, increasing the energy to be overcome in mak- 
ing the stop in proportion to the square of the speed and adding directly 
to the length of stop according to the time required to obtain effective 
braking power on the train as a whole. 

Greater frequency of trains, which increases the necessity for stop- 
ping quickly in a rapidly increasing ratio. Not only is it of more im- 
portance than ever that the trains be readily controlled within the dis- 
tances between signals, but, with double or four track roads, there is 
the added greater possibility of the track on which the train is running 
being blocked by a break-in-two or other accident on the opposite track. 

Increasing insistence upon the comfort and convenience of passen- 
gers and at the same time for greater economy in the handling of 
traffic, the latter being, in the nature of things, antagonistic to the former, 
without some special provision is made, looking to ultimate rather than 
circumstantial economy. 

Object of Improvements. 

In Service Applications : ist, Much more flexible control of the train, 
greatly reducing possibility for shocks. 2nd, More uniform braking power, 
reducing surging in trains and flat wheels. 3rd, Shorter, smoother and 
more accurate stops. 4th, Constantly recharged auxiliary reservoirs 
which increases the safety to the highest degree, sth, Better protection 
against excessive braking power in service applications. 

In Emergency Applications : 1st, The human factor in the question 
is reduced to a low point. . 2nd, The increased percentage of braking 
power and prompt rise of brake cylinder pressure compensates in a large 
degree for the decrease of the retarding force due to the increased work 
the brake shoe now has to perform as compared with the old style 
brake. 3rd, Trains can be stopped in somewhere near the same distance 
as when the cars were lighter. 4th, Emergency pressure is available even 
after a service application has been made to an extent never before at- 
tained. 

An example of what is to be gained in stopping power is shown by the 
following : 
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An eight-car train weighing 500 tons can be stopped from a speed of 
70 m. p. h. in 355 feet shorter distance using the new " LN " equipment 
in place of the old standard high speed " PM," all other conditions of brake 
pipe pressure, leverage, etc., being the same ; i. e., the " PM " brake train 
will run 20 per cent, farther than the " LN " and pass the point at which 
the " LN " train stopped at a speed of 32 m. p. h., having at that moment 
a collision energy of 35,810,000 foot pounds. Furthermore, the " PM " train 
would reach the point at which the " LN " train stopped four seconds 
earlier, thereby giving that much less time to clear the obstructions or 
close the draw-bridge, for example. 

An example of decreased efficiency of the brakes on a modern train as 
compared with a train of 1875 is shown by the following : 

In that year a passenger train braked at 82 per cent, was stopped from 
the speed of 56 m. p. h. in 1,000 feet. In 1907, a train braking at 150 per 
cent, and running at 57.3 m. p. h. was stopped in 954 feet, showing that 
about 70 per cent, more braking power had to be used to stop in approxi- 
mately the same distance, the difference being only in weight of the train. 

And here we may be pardoned for pointing out a remarkable feature 
in connection with these improvements, viz., that an increase of 65 per cent, 
in braking power over that of the present high speed brake is obtainable, 
without any increase in the pressure carried; thus the first cost is the only 
increased expense involved, whereas with all previous improvements in 
brake apparatus the gain has not only involved additional first cost but 
also greatly increased cost of operation and maintenance. 

From what is herein set forth it will be seen that the statement so 
often made, viz., tljiat the brake, as allowed to exist on most roads, is good 
enough for practical purposes, is evidence that on this subject, as well as 
others, there are those whose convictions are in perfect accord with their 
understanding — and both are wrong. Every start must be followed by a 
stop, generally as a part of the regular schedule; sometimes to avoid acci- 
dent. Stopping is important in both cases, for in the schedule stops, 
economy of time is just as important as in acceleration, while in emerg- 
ency, to stop is of vital importance. The reason why the stopping of 
trains does not receive the consideration it warrants must be because — ist, 
its value and importance are not understood ; 2nd, the rate of deceleration 
is so much greater than that of acceleration that the efficiency of the 
brake compared to what it might be is not appreciated; or, 3rd, greater 
faith in Providence than in a brake. 

The Freight Car Brake Equipment. 

As the brake for many years was practically the same for passenger 
and freight cars and as these were treated together to that part of the 
paper where they became different for passenger cars, it will be sufficient 
to state that for quite a long time after the first changes were made for 
passenger cars there was no change in the freight car brake. It was soon 
apparent, however, that changes would have to be made if the brakes on 
freight cars were to maintain their value and position as a part of the 
transportation equipment. 
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This was partly because the increased ratio of the capacity of cars to 
light weight (upon which the braking power is necessarily based), was 
materially reducing the braking power when the cars loaded, as compared 
with those where the capacity and light weight were not so wide apart. 
In addition, there were many causes arising which prevented the brakes 
applying as certainly and as effectively as before, notably larger feed 
grooves and longer trains. These had the effect of making the reduction 
of brake pipe pressure so slow that, while a reduction of pressure was 
of course obtained, it would often be insufficient to produce the differential 
between the auxiliary reservoir and brake pipe pressure that is necessary 
to move the triple valve parts. Moreover, if the parts did move, since the 
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Fig. 46. Effect of Variation in Piston Travel. 

air could flow from the auxiliary reservoir to the brake cylinder at any 
greater rate than the brake pressure is falling, it often passed out of the 
leakage .groove of the brake cylinder, or did not accumulate sufficiently 
to expand the packing leather and the brake did not apply. As this con- 
dition was contributed to by bad condition of the valves and cylinders, 
it led to a higher standard of repairs, and, on the whole, fairly satis- 
factory results were obtained. Some, however, in the effort to obtain 
sufficient braking power on the loaded cars, increased the braking power 
by raising the leverage ratio, and by shortening the piston travel. Both 
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these methods are wrong, as they help the load but little, but seriously 
widened the difference of braking power between the load and empty, thus 
producing severe shocks, etc. The reason for this will be evident on an 
inspection of Fig. 46. 

The only way to obtain the desired train control with the then exist- 
ing brake apparatus, without introducing detrimental features, was to in- 
crease the brake pipe pressure carried, which, obviously, did not change 
the percentage of braking power per pound of cylinder pressure, nor in- 
crease the tendency to " break-in-two " by increasing the difference of 
braking power between the loaded and empty cars, but did give an in- 
crease of power for heavier reductions and affected all cars alike. 

This increase of pressure, however, simply increased the possible 
braking power and reserve, but did little toward insuring the application 
of the brakes on medium or light service reductions, or reducing the 
time element, and did not help the release at all. 

It will be noted in passing that this plan was adopted when it was 
found necessary to increase the braking power on passenger cars. It 
is" far more important that this method be followed with freight cars, be- 
cause of the difference in the braking power when light and loaded cars 
are hauled in the same train. 

Features of Improved Brake for Freight Cars. 

Two ways were open to obtain the desired results. One was to im- 
prove the apparatus by the introduction of new features so as to get 
the efficiency of operation with long and heavy trains that had previously 
been obtained with short trains. This was the more reasonable, because, 
when the triple valve was invented, it was thought that if it operated 
satisfactorily on trains of 50 cars of the class then used, that this was 
as much as it would be called upon to do. The other, which also in- 
volves the first, was to devise an " empty and loaded " car brake, that the 
loaded car might be properly braked and greater uniformity of braking 
power on all cars thus secured. This is important, seeing that, next to 
safety, uniformity of retardation on all cars is the most desirable feature 
of a brake. The first of these two means of betterment is exemplified in 
what is known as the quick-service (type K) triple valve, which will be 
described in what follows. 

The improvemjcnt would undoubtedly have come much earlier had it 
not been that, generally speaking, only part air trains were operated (the 
number of cars coupled up being, say, 50 per cent, of the number compos- 
ing the train) ; therefore, if the engineer used reasonable care and judg- 
ment in bunching the slack before applying the brakes all went well. 
When, however, the trains became " all air " — that is, all the brakes were 
coupled up and the trains long — the problems of certainty of brake ap- 
plication, uniform release, and uniform recharge presented themselves 
with added force, and it became imperative that they be solved. 
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Quick Service. 

The service outlet at the brake valve was already as large as permis- 
sible ; in fact it was large enough to let all the air out about as fast as the 
friction of the pipes would let it come from the rear. Hence, to have 
enlarged this outlet would have increased the likelihood of producing un- 
desired quick action and would have certainly brought about a quicker 
and heavier application of the brakes at the forward part of the train than 
at the rear, with consequent running in of the slack, resulting in shocks 
and danger of breaking-in-two on the recoil. For these reasons it was 
useless to endeavor to obtain the desired results here. This was all tlie 
more manifest, because the same difficulties were there being encountered 
that had previously made necessary the quick-action feature of the 
triple valve. The solution, therefore, was to find means of adding a 
serial yet graduating service feature to the triple valve. This was found 
more difficult than anything yet attempted with the triple valve, and it was 
only after many trials and failures, each, however, teaching us something, 
that it was accomplished. After it was perfected, it was put in service for 
about two years before being made commercial, since which it has more 
than fulfilled expectations. This new feature is called a quick-service 
feature, and assists in making brake applications certain and uniformly 
effective on long trains by creating a difference of pressure between that 
of the brake pipe and auxiliary reservoir, locally, on each vehicle when 
a reduction is first started at the brake valve; thus all brakes apply and 
the application runs through the train fast enough to very materially 
reduce shocks. 

It will be seen that with these valves every one helps the other to applj', 
and, therefore, none fail. With the old type this action was the other 
way about, for if one failed, it made it more difficult for another to ap- 
ply, and so on, because it increased the brake pipe volume to be reduced 
by adding the auxiliary reservoirs of the failing valves to it. Not only 
do the new valves assist each other in applying, but when mixed with 
the old types in trains, they assist these also, so that the action when 
both devices are mixed promiscuously in a train is almost equal to that 
when they are all of the later type. By this means the application of the 
brakes is made as certain, as rapid, and free from shocks on a 50-car train 
as it was formerly on a 30-car train without the quick service feature. 

Uniform Release. 

Another consideration was the release of the brake— always an opera- 
tion calling for skill and judgment, but now beyond this because of the 
time element due to length of train. 

Just as the pressure in the brake pipe falls more rapidly at the head 
end of the train, as has been explained, so conversely, the rise of the 
brake pipe pressure when a release is made is more rapid at the front 
than at the rear end because of its proximity to the source of supply and 
the natural frictional resistance to the flow of the air. 
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To compensate for this, the uniform release feature was added to 
the triple valve in order that the release of the rear end of the train 
might take place as rapidly as that of the forward end of the train. It is 
well known that in releasing with the old standard type of brakes, those 
at the forward end of the train commence to release first — in fact, the 
brakes at the head end are entirely released before those near the rear 
end commence to release. Therefore the slack runs out, resulting in se- 
vere shocks and perhaps breaking the train in two. With the release 
at the head end retarded, i. e., taking place slower than with the old 
valve a simultaneous or uniform release on the train as a whole is 
brought about; thus the slack cannot run out and shocks and break-in- 
twos are avoided as much as with the shorter and lighter trains of the 
past. 

Uniform Recharge. 

The third new function added to the valve for freight cars was that of 
uniform recharge. This was added to bring about a more uniform re- 
charging of the brakes throughout the train. With the old type of valve, 
the recharge at the head end was much more rapid than at the rear because 




Fig. 47. The Type H, Quick- Action Freight Triple Valve. (Old 

Standard.) 
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of the high pressure at the head end when the brakes were being released. 
This alone brought about a re-application of the brakes when the handle 
was returned to running position, and was largely responsible for what is 
known as " stuck brakes." Uniform recharge lessens this objectionable 
feature to a marked degree, and, in addition, when a re-application is made 
by the engineer shortly after release, the brakes apply much more uniformly 
and certainly throughout the train than is the case when the auxiliary 
reservoirs are charged much higher at the front than towards the rear of 
the train. It should be understood, however, that this uniform recharge 
applies to the train as a whole, and compensates for the higher pressure at 
the head end by permitting the charging ports at the rear end to remain of 
uniform size while decreasing those where the pressure is the highest; 
thus, after such a release, each brake will operate when an application is 
made, and effective braking power will be developed on all cars. 



Operation of the Improved Brake for Freight Cars. 

All the foregoing statements relative to the desirability of adding to 
the operative functions of the old standard quick action triple valve might 
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Fig. 48. Thf Type K, Quick-Action, Quick-Service, Uniform Release, 
Uniform, Recharge Freight Triple Valve. (New Standard.) 
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be accepted as true and still the sufficient objection raised that to accom- 
plish such results would require apparatus too cumbersome, complicated, 
or delicate, to be practicable. In passenger service, refinement of appa- 
ratus is not, per se, looked upon with the suspicion or positive intolerance 
which it encounters when considered with reference to freight equipment. 
But if the desired purpose can be accomplished without adding to the del- 
icacy or complexity of the apparatus beyond a certain practicable limit, the 
end justifies the means. In the case of the new freight triple valve (Type 
" K," Fig. 48) this principle has been a prime consideration, as will be 
appreciated when it is stated that the desirable features of operation 
mentioned above have been secured by slightly altering the porting of the 
old standard triple slide valve and adding to the auxiliary reservoir 
end of the triple valve the equi\'alent of a second graduating stem and 
spring, and so slight are the further changes that the old type of valves 
can easily be converted into the new. 

No attempt will be made to explain the operation of valve in detail, 
as this is fully covered in instruction pamphlets which are available upon 
request. 

Quick Service Feature. 

The brake is applied in service by a reduction in brake pipe pressure, 
as with former triple valves, but with this difference. In the movement 
to service position the triple valve slide valve and graduating valve f which 
is also of the slide valve type) make a momentary connection from the 
brake pipe to the brake c'-nder which is closed if the parts move to their 




Fig. 49. Standard Combined Freight Brake Equipment. Type 
Triple Valve, Auxiliary Reservoir, and Brake Cylinder. 
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full service position, but ordinarily opens and closes with the different 
brake pipe reductions or graduations of the valves. This constitutes the 
quick service action of the triple valve, in that it causes a slight but def- 
inite reduction in brake pipe pressure, locally, at each valve. The effect 
of a reduction in brake pipe pressure at the brake valve is thus quickly and 
uniformly transmitted from car to car throughout the train in a manner 
similar to the quick action operation of a triple valve. However, owing 
to the relatively small port openings made, it is correspondingly less in 
amount, and, as the openings are controlled in unison with and in the 
same manner as the ordinary service ports, the graduating feature of the 
valve is unimpaired and the very serious effect of mcrease of brake pipe 
volume is largely neutralized. 

Uniform Release Feature. 

To obtain a uniform release of the brakes on a long train, it is neces- 
sary to reverse what appears" to be the natural order of things. For when 
high pressure air is admitted to the brake pipe in order to incease its pres- 
sure and release the brakes, the end of the pipe nearest the brake valve 
must necessarily feel the impulse first, and this impulse must travel pro- 
gressively from the head to the rear end of the train, an action which is 
inherent and which necessarily results in the triple valves at the head end 
of the train moving to release. position first. But this is the reverse of 
what is desired, which is to release the brakes at the rear as soon, if not 
sooner, than those at the head end. There are two possibilities here — either 
the release of the brakes at the rear must be hastened, or those at the 
head end held back to give the rear brakes a chance to overtake them. 
P>om what has just been said it is evidently impossible, with a purely 
pneumatic single-pipe system, to move the triple-valve piston at the rear 
end of a long train without first affecting those at the head end. More- 
over, any supplementary source of air supply located at the rear end of 
the train which might be used to hasten the recharge at the rear not only 
fails to assist in hastening the release of the rear brakes, but introduces 
a factor contrary to the fundamental principle of the air brake, which is 
that any failure of the apparatus must be on the side of safety rather 
than danger. 

Admitting that the triple valve pistons at the head end of the train 
must move before those at the rear, there remains the possibility of re- 
tarding the release of the head brakes in order to permit those at the rear 
to overtake the former and so produce a uniform release On the train as 
a whole. This has been accomplished by prolonging the triple valve ex- 
haust cavity in the form of a restricted groove, so that when moved be- 
yond release position the brake cyHnder is forced to exhaust through this 
restricted port. When in release position, the slide valve is in contact with 
a stem held in position by a spring equal to about three pounds pressure on 
the piston. Toward the rear of the train the rise in brake pipe pressure is 
not sufficiently rapid to establish enough differential pressure on the triple 
valve piston to compress the spring above referred to, and the slide valve 
consequently remains in release position, allowing the air in the brake 
cylinder to exhaust freely to the atmosphere. Toward the head end of 
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the train, however, there is a more rapid rise of pressure on the brake 
pipe side of the triple valve piston, and this at once causes a differential 
sufficient to force the piston to the retarded release position, compressing 
the spring and retarding the release of the brake by forcing the exhaust 
to take place through the restricted exhaust port of the slide valve. In 
this manner the brakes at the head end of the train are, in their 
endeavor to release promptly, made to over-reach themselves, so to speak, 
and defeat their own purpose to the advantage of the train as a whole. 

Uniform Recharge Feature. 

Having introduced this new position, retarded release position, it was 
. a simple matter to so arrange the charging ports of the triple valve that 
the recharge of the auxiliary reservoir should be restricted in this position 
in the same manner as the brake cylinder exhaust, and thus permit the 
flow of a much greater volume of air and at a higher pressure toward 
the rear end of the train than would be the case if each auxiliary reservoir 
was drawing its normal amount of air from the brake pipe. It will at 
once be observed here that the primary object of restricting the flow of air 
to the reservoir at the head end of the train was not to delay the re- 
charging of the head auxiliary reservoirs as compared with those at the 
rear, but to take full advantage of the possibility which such an ar- 
rangement afforded of thereby insuring a more positive rise of brake pipe 
pressure toward the rear end of the train, and, therefore, a more prompt 
release of the rear brakes and quicker recharge of their auxiliary reser- 
voirs, the net result being, as has already been explained, a greater uni- 
formity of release and a more rapid and uniform recharge for the train 
as a whole. 

Having shown the importance of the braking problem and how it has 
been solved, both in its past and present phases, it now remains to show 
that the improvement claimed for the new equipment, with respect to brake 
operation and train control, was actually obtained and could be demon- 
strated. The remainder of the paper accordingly treats of results obtained, 
comparing the old and new equipments, both as to the operation of the 
brake as a device and also from the standpoint of train control in actual 
service. We wish to say in this connection that the curves here shown 
fairly represent the careful and scientific character of the modern methods 
of analysis, by the aid of which the braking problems of the present have 
been solved, and, as a whole constitute a record of comparative brake 
performances unique in the progress of the art. 

All of the following curves which show brake cylinder and brake pipe 
pressure on individual cars were taken by either indicators or pressure 
recorders and, therefore, represent actual results. The other curves, show- 
ing time of application, release, etc., for the train as a whole, have been 
plotted from the indicator records of the individual cars. The charts are 
arranged more or less in logical order to show — 1st, the fundamental 
principles involved ; 2nd, to illustrate the rise and fall of brake pipe and 
brake cylinder pressures in long and short trains, both with the old and 
the new equipment ; 3rd, the results of these improvements in actual 
service. 
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Figure No. so. 

Fig. so illustrates in a striking manner the influence of length of train 
and volume on the movement of the air in the brake pipe. It would nat- 
urally be assumed that if one end of the brake pipe were opened fully to 
the atmosphere, the pressure would fall very rapidly throughout the whole 
length of the train. But, as will be seen from Fig. so, this is not the 
case. For here the brake valve was placed in emergency position, and while 
the fall of pressure at the head end of the train was very rapid, a consid- 
erable period elapsed before the reduction affected the pressure toward the 
rear of the train. Pressure indicators on the ist, isth, 30th, soth, 75th, and 
looth cars showed that after the brake valve handle had been in emerg- 
ency position for 5 seconds, although the brake pipe pressure on the first 
car had fallen to 39 lbs., no evidence of fall yet appeared on the 40th car 
or any back of that car. In fact, it took about is seconds to drop the 
pressure i lb. on the looth car, at which time the brake pipe pressure had 
fallen 43 lbs. on the ist car ; after which time it is interesting to note that 
the rate of reduction was nearly uniform on all cars in the train, thus 
keeping the difference in pressure on the head and rear end of the train 
about the same, viz., 42 lbs. to 43 lbs. The results of thus fully applying 
the brakes at the head end of the train before any have started to apply 
beyond the 40th car, if permitted to exist in actual practice upon a train, 
are too obvious to require comment. In fact, this graphically illustrates 
what made necessary, ist, the quick action feature of the triple valve to 
promptly apply the brakes in emergency, and 2nd, the quick service fea- 
ture for service operation. At the same time explodes the idea that the 
application of the brakes on a long train can be hastened by enlarging 
the outlet from the brake pipe at any one place in the train, thus illus- 
trating no less clearly the necessity for locally venting the brake pipe 
pressure, both in service and emergency, if the effect of increase in length 
of pipe and volume of air to be disposed of is to be neutralized. 
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Figure No. 51. 

The data from which the foregoing curves were obtained, when 
plotted on a time base for individual cars in the train (Fig. 51), brings 
out still more forcibly the characteristics in the fall of brake pipe pres- 
sure in various parts of the train, and the relative pressures on the dif- 
ferent cars indicated at any time during the reduction may be clearly seen. 
For instance, after 25 seconds had elapsed, the pressure on the first car 
had fallen 48 lbs., that on the isth car 26 lbs., that on the 30th car 15 lbs., 
while on the Soth, 75th, and looth cars the pressure had fallen only 7 lbs., 
6 lbs., and S lbs., respectively, showing at this time, therefore, a difference 
of 43 lbs. in the brake pipe pressure on the ist and looth car ; and illus- 
trating, by the fact that the fall of pressure from the 50th car to the end 
of the train is practically uniform, that it is due more to expansion than 
to flow. This accounts for the difficulty experienced in applying the 
brakes toward the rear end of long trains when the brake pipe reduction 
is made in this manner, which, it should not be forgotten, was through 
the largest opening possible, and is impracticable in service. 
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Fig. 51. Rack Test. Fall in Brake Pipe Pressure on Individual Cars 

OF a ioo-Cae Train, 4000 Feet Long; Brake Pipe Alone; Brake Valve 

Handle in Emergency Position. 
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Figure No. 52. 

Contrast the results as shown by Fig. 51 with those shown by Fig. 52 
v/hich represents in the same manner the results obtained using only the 
service position of the brake valve, but with the train equipped with the 
new type of triple valve, the difference in the relative positions of the indi- 
vidual curves composing the two sets being due to the quick service fea- 
ture alone, and showing that the necessary rate of reduction toward the 
rear of the train can only be obtained by means of locally venting the 
brake' pipe pressure. Taking the same time as for Fig. 51, viz., 25 seconds, 
the pressure on the first car had fallen 15 lbs., that on the isth car 12 
lbs., the 30th car 10 lbs., on the soth and 7Sth cars 8 lbs., and on the looth 
car, 7 lbs., showing a difference of only 8 lbs. (instead of 43 lbs.) in 
brake pipe pressure on the ist and looth cars. 
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Fig. 52. Rack Test. Fall in Brake Pipe Pressure on Individual Cars 
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Figure No. 53. 

Fig. S3 illustrates how the brake pipe pressure actually does fall in a 
full and continuous service application of the brakes with the old standard 
triple valves. The effect of this on the application of the brakes is shown 
and described in connection with Fig. 56 and following, but in passing it 
may be said that the brake pipe pressure had fallen to 55 lbs. at the head 
end of the train with consequent almost full application of the brake be- 
fore sufficient reduction had taken place at rear to cause any movement 
of triple valves. 
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Figure No. 54. 

In contrast to the previous curves, Fig. 54 illustrates the influence of 
the quick service feature upon the service application of the brakes, for 
here it will be seen that when the pressure at the head end of the train had 
fallen to 55 lbs., that at the rear was down to 62 lbs., with consequently 
an effective application of all the brakes in the train. A characteristic 
to be particularly noted in connection with Figs. 53 and 54 is that the fall 
of pressure to 55 lbs. on the first car required the same time, 25 seconds, 
in each case. Therefore, this proves conclusively that the effect of the 
quick service feature is to make the rate of reduction of pressure more 
uniform throughout the train. 
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Figure No. 55. 

Having shown how the pressure in the brake pipe falls, and that it is 
unaffected by the old type valve but is favorably affected by the new 
type of valve, it remains to contrast for each the rate at which a reduction 
travels back through the train, and this is shown on Fig. 55. For the new 
valves the curve closely approximates a straight line, while that of the old 
valves shows that the outlet at the brake valve is slow in affecting the 
brake pipe pressure beyond the middle of the train, notwithstanding the 
fact that the outlet in this case was governed by a variable lift equalizing 
piston giving a maximum opening twice that allowed in regular service. 

As a matter of fact, the attempt to hasten the reduction of brake pipe 
pressure by" this method, after being thoroughly tried out, was abandoned 
because it could not be made to produce the desired results, and means for 
locally venting the brake-pipe pressure on each car was devised and 
developed in its stead. 

As is often the case after a thing is done, it is now seen that this is 
the logical and cvly ivay in zvhich a quicker and vwre uniform brake pipe 
service reduction can he obtained. 
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Figure No. 56. 

The effect of the different rates of reduction as just described and the 
reason for the improvement in train handling secured thereby is illus- 
trated in Fig. 56, where a S-lb. reduction is made with a i co-car train 
equipped with each type of brake. It will be seen that with the old type 
of valves no effective application of the brake was obtained on any car 
in the train, ten brake pistons failing to move at all, and it took 45 seconds 
to obtain a movement of the brake piston on the looth car, while with 
the new type of valve an effective brake application was obtained on all 
cars in the train the looth brake applying in ten seconds time. 
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Figure No. 57. 

The curves shown in Fig. 57 are similar to those of Fig. 56, 
but for a lo-pound service reduction, and illustrates how much more 
effective the average reduction is, both in cylinder pressure obtained and 
the time required to obtain it, with the new type of valve as compared 
with the results obtained with the older valve; and at the same time 
furnishes the reason why so much better train control is had with the 
new than with the old type of equipment. 
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Figure No. 58. 

Fig. 58 continues the comparison, showing the results obtained from 
a is-pound reduction. 
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Figure No. 59. 

Fig. 59 carries the comparison still further, and shows the results ob- 
tained on a continuous 20-pound or maximum service reduction. It 
will here be seen on the cards for the " K " valve— ist, that not only do the 
brakes apply more nearly as on the shorter trains of times gone by (see 
Fig. 62, showing this action on a 31-car train), but that the cylinder pres- 
sure obtained is more nearly what it should be; and 2nd, that notwith- 
standing the maximum service reduction was made, 6 brakes failed to apply 
on the train equipped with the old type of valve, while not n single brake 
failed to apply on the train equipped with the new valve, from and including 
the S-pound reduction upward. 

In this connection, as well as referring to Figs. 56, 57, and 58 we wish 
to call your particular attention to the " toe " of the diagrams showing 
the rise of cylinder pressure with the " H " triple valve. This, shows that 
it takes a number of seconds for the pressure to build up in the brake 
cylinder sufficiently to force the piston to its full travel and begin to exert 
effective braking power. As would be expected, this characteristic is more 
marked on the rear cars of the train. With the "K" valves, however, 
even for the light reductions, and on the last car in the train, the cylinder 
pressure line rises positively in every case, showing that the influence 
of the quick service feature is to insure a movement of the brake cylinder 
piston to full travel and the development of an effective braking power 
on every car no matter what the reduction may be or where the car may 
be located in the train. 

It will be seen from all the indicator cards and diagrams taken with 
the " K '' triple valve that the application of the brake and the rise of 
cylinder pressure up to, say, 20 lbs. is obtained much more quickly on any 
length of train with the new valves than with the type " H " valve. It 
will be seen also that with the " K " valves the rate of rise of cylinder 
pressure after about 20 lbs. has been reached is little, if any, greater than 
with the " H " valves. This very necessary feature was difficult to obtain, 
but its importance cannot be over-estimated, for first, it is necessary to 
get the brakes to apply and with an effective cylinder pressure, after 
which it is just as important that a further rise of cylinder pressure take 
place slowly, in order to prevent sudden severe strains being set up as the 
slack is adjusting itself. Thus, on account of the quicker initial rise of 
brake cylinder pressure and the uniformity of application of all the brakes 
in the train the necessity for making heavy reductions, as are required 
with the " H " valves, no longer exists, and the brake applications nec- 
essary to bring the train under control under these new conditions are 
not heavy enough to produce excessive strains in the train. 
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Figure No. 6o. 

Up to this point the characteristics of the new and old types of triple 
valves have been contrasted — ist, as to the rate of brake pipe reduction 
obtained, and 2nd, as to the effect of this upon the application of the 
brakes, both as to certainty and time of application, but so far no specific 
reference has been made to the difference in time required to obtain effec- 
tive braking power. From records taken during a long series of public 
demonstrations with an 8o-car rack, the curves of Fig. 60 have been 
plotted to illustrate the relative time in which 20 lbs. cylinder pressure 
is obtained in the ist, soth, and 80th cars of a train of this length, with 
the new and old triple valves. It will be seen that with the " H " triple 
valves, 20 lbs. was obtained in the brake cylinder on the ist car in 25 
seconds, while the same pressure was obtained with the " K " triple valves 
in 17J4 seconds. On the soth car, with the " H " triple valves, it took 93 
seconds to obtain 20 lbs. cylinder pressure, while with the " K " valves the 
same pressure was obtained in ,37 seconds, and on the Soth car, with the 
" H " valves, it took 95 seconds, while with the " K " valves only 39^ 
seconds were required. Thus 20 lbs. cylinder pressure was obtained in the 
brake cylinder on the last car of the train 55^ seconds sooner with the 
new than with the old valves, or before 20 lbs. was obtained on the 20th 
car of the train equipped with the old valves. The difference in the 
effects produced in the two cases with regard to bunching of slack and 
recoil is too evident to require comment. 

In order that it may not be thought that the curves of Fig. 60 have 
been plotted to show the widest extremes during the series of tests, we 
wish to mention that the contrary is the case. As a matter of fact, the 
times shown for the " H " valves are the shortest which were obtained, 
but there were times during this series of demonstrations when the time 
required to obtain 20 lbs. cylinder pressure on the soth and Soth cars 
ran as high as 160 seconds each, with the results of the other tests rang- 
mg between these two extremes. For the " K " valves, however, the re- 
sults were remarkably uniform throughout, and it cannot be too strongly 
emphasized that this is a characteristic difference between the two types 
of valves. 
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Figure No. 6i. 

To the end that all may appreciate the effect of length of train and 
volume of air on the action of brakes, Figs. 6i, 62, and 64 have been 
plotted, which show curves similar to those just described, the manipula- 
tion and conditions during the test being alike except that the train was 
reduced to 31 cars, instead of being 100 cars. As the difference between 
the conditions governing the operation of the brakes in the past and 
those which it has to meet today lies wholly in what is responsible for 
the difference between the diagrams of Figs. 61 to 64 and those of Figs. 
50 to 60, viz., the length of the train and volume of air, you are partic- 
ularly requested to compare and analyze the effect shown for similar 
operations with the long and the short trains. We wish to assure you 
that this involves more than appears on the surface, but your most pains- 
taking efforts will be amply rewarded; and unless what is involved 
in this comparison is understood, at least to the extent of the law in the 
case, no one can fully appreciate why the changed conditions compelled 
us to add new features to those already possessed by the old brake. 

For example, the right-hand diagram of Fig. 61 shows that with a 31- 
car train the brake pipe pressure had fallen 23 lbs. on the last car in IS 
seconds, at which time there was a difference of only 16 lbs. between the 
brake pipe pressure on the first and last cars, while with the loo-car 
train in the same time the brake pipe pressure on the last car had fallen 
only I lb., and to make matters still worse, there is a difference of 42 
lbs. between the brake pipe pressure on the first and last cars. That you 
m.ay not attribute this to increase of volume alone, it is important to note 
that with a train 3% times as long, the rate of reduction is only 
%3 that with the shorter train. These examples but typify the informa- 
tion which can be obtained by continuing this analysis, which time will 
not permit of our doing to-night. 

The left-hand diagram of Fig. 61 for the short train should, in a 
similar manner, be compared with Fig. 51 for the loo-car train, both being 
drawn to the same scale. 
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Figure No. 62. 

Fig. 62 for the short train corresponds to Fig. 56 to Fig. 59 for the 
loo-car train, and shows how the time, not only to apply the brakes but 
to obtain efTective braking power, is affected by the length of the train. 
As these differences are so apparent when the curves are contrasted, it is 
only necessary to point out here that with the 31-car train there is no 
difficulty in applying all the brakes, with a 5-lb. reduction, and that the 
last brake is applied in 6 seconds, while, when a 20-lb. reduction is made, 
full service braking pressure is obtained in 37 seconds. On the other 
hand, with the 100-car train, and the same type of triple valve (Type 
"H"), only 30 brakes gave any braking power with the S-lb. reduction, 
the movement of the looth brake not occurring until 45 seconds had 
elapsed. Furthermore, on a 20-lb reduction, full braking power was 
not obtained on the last car for 105 seconds, and even then the pressure 
obtained was 13 lbs. less than on the last car of the short train. This 
difference represents the loss due to the necessarily much slower rate of 
reduction on the long train. 

You can readily see that many other very interesting and instructive 
comparisons of this nature can be made. 
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Fig. 62. Rack Test. Brake Cylinder Cards Showing Application 

Curves of H Triple Valves on a Short Train ; 31 Cars. Scale Same 
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Figure No. 63. 

Fig. 63 shows curves similar to those of Fig. 62, but for type " K " 
instead of type " H " triple valves, and should also be compared with the 
■' K " triple valve cards of Figs. 56 to 59 to appreciate the effectiveness 
of the improved valve on short, as well as on long trains. Comparing 
Figs. 62 and 63, it is seen that even on trains of ordinary length the type 
" K " valve is much more effective on light reductions than the " H " 
valves, thus insuring a definite retarding power for light reductions and 
establishing a sufficient differential between the brake pipe pressure and 
the setting of the feed valve to permit of a proper release being made. 
For the is-lb. and 20-lb. reductions, however, the difference between the 
type " K " and " H " valves is not so noticeable, though the pressures 
obtained with the type "K" valve are somewhat more uniform. 
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Figure No. 64. 

To contrast the times required to obtain effective braking power on 
short and long trains, compare the full line of Fig. 60 with Fig. 64, which 
shows the time required with H triple valves to obtain 20 lbs. cylinder 
pressure on the ist, iSth, and 31st cars of the 31-car train. Here we 
see that not only does the length of train render more difficult the 
obtaining of the difference of pressure which must be had to operate 
the triple valves, but even after this difference is obtained, the cylinder 
pressure cannot rise more rapidly than the brake pipe pressure is 
falling. Do we really appreciate what it means when 20 lbs. is obtained 
in 20 seconds in the one case and not for 75 seconds thereafter in the 
other? 
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Figure No. 65. 

Fig. 65 for the 31 type " K " triple valves corresponds to Fig. 64 for 
the 31 type " H " valves, and shows in a striking manner the effect of the 
type " K " triple valve, not only in hastening the rate of brake application 
throughout the length of the train, but also in the promptness with which 
effective braking pressure is obtained. Comparing Fig. 65 with Fig. 64 
it will be noted that effective braking power (20 lbs. brake cylinder pres- 
sure) was obtained with the type " K " triple valves in about one-half 
the time required by the type "H" valves. This fact alone is sufficient 
to establish the increased efficiency of the " K " valves for short as well 
as long train handling. 
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Figures Nos. 66 to 69. 

In order to avoid conveying the impression that the quick service 
feature of the " K " triple valve is only necessary or beneficial on trains 
of extreme length, the diagrams of Figs. 66 to 6g are given. These show 
the action of the " K " and " H " valves with respect to fall of brake 
pipe pressure and rise of cylinder pressure, both in time and amount, 
on a so-car train, and for facility of comparison, the indicator cards of 
the two types of valves are shown superposed on the same diagram. 

As Figs. 67 to 70 are the same in character but differ in the amount 
of reduction, an analysis of one set is all that is deemed necessary. Refer- 
ring, for example, to Fig. 67 as being representative of the series, cards 
were taken from both the brake pipe and brake cylinder on the ist, 2Sth, 
and soth cars, the solid lines being the records of the " K " valves, the 
dotted lines of the " H " valves ; all plotted on the same time base, the 
vertical scale being pressure in pounds per square inch, as indicated. The 
different brake pipe and brake cylinder pressures after intervals of S, 10, 
and IS seconds, are noted by the figures on each diagram, and as the 
comparison between the results with the two types of valves is so 
obvious, and corresponds to that already explained for longer trains, we 
believe that you will agree with us that present time will be saved by 
leaving further consideration of this series for you to continue as leisure 
and inclination will permit. 

Uniform Release. 

As the pressure in the brake pipe falls more rapidly at the head end 
of the train when making a brake pipe reduction, as has been explained, 
so, conversely, the rise of the brake pipe pressure when a release is made 
is more rapid at the front than at the rear end because of its proximity 
to the source of supply and the natural frictional resistance to the flow 
of the air. 

To compensate for this, the uniform release feature was added to the 
triple valve, the principles of which have already been explained. The 
characteristics of this feature are shown by the curves which follow. 
(See Fig. 70 and following.) 
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Figure No. 70. 

Referring to Fig. 70, it will be seen that when a release is made after 
a full service application of the brake on a train of 80 cars, the first brake 
of the train equipped with the old type of triple valves is released down 
to S lbs. cylinder pressure (when piston begins to return) in 3 seconds 
from the movement of the brake valve handle, the soth in 135^2 seconds, 
and the Soth in 215/3 seconds. Thus it is clear that the first brake was 
released iS?-^ seconds before the last, so that for a considerable portion 
of this time full retardation was still being had on the rear cars of the 
train while the front cars would be running free if it were not for the 
strain on the drawbars. 

Contrast with this the action of the " K " valves. Here the first 
brake did not release until 19 seconds had elapsed, the soth releasing in 
iS/4 seconds, while the Soth brake released in 15^ seconds. Thus we 
see that in this case the head end was being retarded, to some extent at 
least, while the rear end would be running free if it were not for the 
tendency to compress the draft gear springs, which must necessarily be 
slight, owing to the fact that at this time the cylinder pressure is also 
low on the front cars. 
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Figure No. 71. 

To show the effect of the uniform release feature on a so-car train, 
Figs. 71 to 76 are given. Referring to Fig. 71, brake cylinder cards were 
taken from the 1st, 2Sth, and 50th cars of trains equipped with both the 
■' II " and " K " type of valve and plotted on the same base to facilitate 
comparison both of the release of the front and rear cars of the same 
tr?.in and of the release of the brakes of the " H " train with that of the 
■'K" train. It will be seen that for the "K" train the release of the 
1st brake commences in 0.6 seconds after the movement of the brake 
valve handle the 2Sth in 3.7 seconds, and the 50th in 7.9 seconds, yet, 
notwithstanding this order of commencement to release, the completion 
of the release is in the reverse order, due, as shown by the curve for the 
first car, to a much slower exhausting of the pressure from the brake 
cylinders at the head end of the train. 

On the other hand, the curves for the " H " train show the same 
times (practically) for the commencement of the release for each car 
recorded, but it will be observed that the release curves are practically 
parallel; that is, the fall of cylinder pressure is at the same rate for 
each cylinder. And this rate is such that the ist brake is released before 
the 25th brake commences to release; which, in turn, is released before 
the soth commences. 

Comparing now the two trains with each other, it will be seen that 
at the time when the 50th brake of the "K" train starts to release there 
is still 25 lbs. cylinder pressure on the ist and 2Sth cars, and at the 
same time on the "H" train there is no pressure in the ist and 2Sth 
brake cylinders while there is still 50 lbs. in the cylinder of the last 
car. 
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Figure No. 72. 

Fig: 72 is obtained from the data of Fig. 71, when plotted to show 
the fall in cylinder pressure on the train as a whole. As the difference 
between Fig. 72 and Fig. 70 is in length of train only, a comparison 
of the action of the " H " and " K " valves on the shorter train similar 
to that made in connection with Fig. 71 may readily be made. 
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Figures Nos. 73 to 76. 

Figs. 73 to 76 illustrate the rise in brake pipe pressure and fall in 
cylinder pressure when releasing from 5-lb., lO-lb., iS-lb., and 20-lb. 
reductions respectively with the " H " and " K " valves, just as Figs. 66 to 
69 illustrate the fall in brake pipe pressure and rise in brake cylinder pres- 
sure when applying the brake, the cards being superimposed for ready 
comparison. We call your particular attention to those curves which 
show the rise of brake pipe pressure when the brakes are being released. 
You will note that it cannot be told whether the brake valve handle 
was in release or rimning position from the curves for the 2Sth car, to 
say nothing of the soth car ; note also the curves of Fig. 76, showing 
the release following a 20-lb. reduction. After the brake valve handle 
had been in release position for 15 seconds the pressure on the ist car 
was 75 lbs., a rise of 25 lbs., while that on the 25th car was 58 lbs., or a 
rise of 8 lbs., and that of the 50th car was 56 lbs., or a rise of only 6 lbs. 
Moreover, by the rapid drop of the curviC for the 1st car it is plainly 
seen when the brake valve handle was returned to running position, 
but there is no such indication on the 2Sth car or beyond. Of course, 
the longer the train and the greater the brake pipe leakage, the slower will 
be the rise of brake pipe pressure. 

Uniform Recharge. 

Curves might be shown to illustrate the uniform recharging of the 
auxiliary reservoirs on the train as a whole, but as the uniform recharge 
feature was incorporated primarily to prevent the overcharging of the 
head as compared with the rear end of the train, what has already been 
said concerning this feature is deemed sufficient. 
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Figure No. 77. 
Emergency Application. 

Fig. Ti shows brake pipe and brake cylinder cards for the 1st, 2Sth, 
and 50th cars of a so-car train, emergency application, both "K" and 
" H " triple valves, and as the indicator cards were alike with both 
valves, the lines coincide exactly when superposed. This was to be ex- 
pected, as there is no difference whatever in the quick action parts of the 
"H" and "K" valves. 

However, the diagrams are instructive in that they show the char- 
acteristics of the fall of brake pipe pressure, the difference in time of 
the application of the first and last brake, and the cylinder pressure ob- 
tained. Also, when compared with the curves of Fig. 69, a striking 
contrast is at once apparent between the service and emergency applica- 
tions of the brakes. For instance, 48 seconds were required to obtain 
50 lbs. cylinder pressure on the 50th car with a service application, while 
60 lbs. cylinder pressure was obtained on the 50th car with an emergency 
application in three seconds. 

Service Results. 

It would naturally be concluded that the new features of operation 
shown to exist in the " K " triple valve would be productive of remark- 
able results and a great improvement in the controlling and operating of 
trains under the present severe conditions. That the expected was real- 
ized in this case has been demonstrated many times, and the curves and 
data which follow have been taken from the records of tests made by 
various railroads for the purpose of demonstrating the existence of the' 
improvements and the benefits to be derived therefrom in service, such as 
increase in tonnage, greater factors of safety, especially on mountain 
grades, and general betterment in train handling. 

As the operation of the brake in service is no different in kind from 
what has already been treated in more or less detail, it will only be nec- 
essary to discuss the curves which follow with reference to the actual 
movement of trains, in which the factors of resistance, slack, and the re- 
lation of the different cars to each other as to differences in braking 
power, etc., must be considered. 

Standing Tests. 

The standing tests referred to on the pages immediately following 
were made on an 8o-car train, ready for service, which train was subse- 
quently used for the running tests to be described later, corresponding 
tests being made with the train equipped first with " H " valves, then 
with "K" valves, and then with "H" and "K" valves mixed in the 
train. 
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Figures Nos. 78 to 81. 

Figs. 78 to 81 illustrate the operation of the brakes when using the 
different types of triple valves on an 80-car train, making S-lb., lo-lb., 
iS-lb., and 20-lb. reductions respectively. 

In Fig. 78 it is important to note that only the first 33 brakes ap- 
plied on a S-lb. reduction when using the " H " valves, but that all ap- 
plied with " K " valves or " H " and " K " valves mixed. 

In the three remaining tests of this series all brakes applied in each 
case, and two points should be especially observed : ist, that the brakes 
were applied by the " K " valves in less than one-half the time required 
with the " H " valves ; and 2nd, that when the valves were mixed in the 
train the operation of the brakes was then more nearly that of the " K " 
train than that of the " H " train ; in other words, the time of applica- 
tion of the brakes was reduced by about 30 per cent. 
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Figures Nos. 82 to 85. 

While P'igs. 78 to 81 have shown only the comparative promptness 
of response of the triple valves, Figs. 82 to 85 show the comparative times 
required to obtain effective braking pressures with the different types of 
valves under conditions similar to those for the preceding curves. 

From Fig. 82 it will be seen that for a 5-pound reduction no effective 
braking power was produced beyond about the loth car with the " H " 
valves, while with the " K " valves alone, or " K " and " H " valves mixed, 
braking power was produced throughout the entire train. The remaining 
three charts of this series are of interest in showing that with the " K " 
valves, or " H " and " K " valves mixed, the brakes on long trains can 
be applied on the rear before the slack can run in and before the brakes 
can be applied heavily on the head end. 
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Figure No. 86. 

Fig. 86 shows the number of brakes that applied, the brake cylinder 
pressures obtained, and the times in which these pressures were obtained 
for 5-lb., lo-lb., and is^lb. reductions. These diagrams illustrate very 
graphically the effectiveness of the brake applications with the different 
valves, both as to the amount and the distribution of the cylinder pressure 
throughout the train. The work done is, of course, proportional to the 
shaded areas of the diagrams, and its effect on the trairi is, therefore, 
directly as this area, and inversely as the time of obtaining the cylinder 
pressure with the different valves. 
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Figure No. 87. 

Fig. 87 illustrates the uniformity of release obtained with the " K " 
valves and the absence of all uniformity in releasing with the " H " valves. 
Moreover, it shows clearly why a release of the brakes at slow speeds can 
safely be permitted with the " K " valves and conversely why it is impos- 
sible to release at slow speeds with the " H " valves without danger of 
break-in-two or shifting of lading. For instance, the release of all the 
brakes on the " K " train was practically simultaneous, being accomplished 
with only 1.7 seconds variation in the times of releasing the different 
brakes, while with the " H " valves, the brake on the first car was re- 
leased ssyi seconds before that on the last car. 

Running Tests. 

The running tests which followed the above series of standing tests 
were undertaken to demonstrate four things. 

1st. That brakes could be applied in service without shock or break- 
in-two under conditions which, with the older type, would produce a 
break-in-two or shifting of the lading. 

2nd. That brakes could be released when running at low speeds with 
impunity, under conditions which, with the old equipment, would inevit- 
ably result in damaging shocks or break-in-twos. 

3rd. That much shorter stops could be made for a given reduction, 
and that the same stop could be made with a much less reduction than 
when the older equipment is used. 

4th. That much greater tonnage could be handled down grades with 
even greater safety than has' heretofore been possible, in addition to greatly 
improving the general control of the train, thereby minimizing to a con- 
siderable degree the effect of the personal equation in this exacting and 
dangerous work. 

First, as to the effect of the applications and releases with long 
trains. It is impossible, of course, to show by means of curves the free- 
dom from shocks and break-in-twos insured by the new equipment. There- 
fore, to substantiate what has already been said in this connection, it will 
be sufficient to refer to certain tests which have fully demonstrated the 
efficiency of the improved brake in these particulars. 

These tests were made with very long trains at different speeds, with 
different reductions with both types of equipment, and it was found that 
neither shocks nor break-in-twos would result with the new equipment 
under conditions which proved very damaging, both to cars and lading 
with the old; and releases were made without shock of any kind with the 
new equipment under conditions which, with the old equipment, resulted 
in breaking the train in from two to half a dozen pieces, generally four, 
two at the head, and two at the rear. 

For example, one of the tests made was with a train of 80 of the 
heaviest modern steel cars, equipped for the demonstration first with one 
and then with the other type of valve. At speeds varying between 15 and 
30 m. p. h., heavy applications were made and always without shock or 
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break-in-two with the new equipment, and generally with heavy shocks and 
occasional break-in-twos with the old. After the train had been slowed 
down to a speed of 8 or lo m. p. h., a release was made and the engine 
throttle opened. This invariably resulted in a break-in-two with the old 
equipment, while with the new equipment the train could be kept moving 
without damage. 

Again, a demonstration was made with 50 of the cars, 25 of them 
loaded and 25 empty, loads ahead, lo note the results in service of the 
uniform releasing of the brakes with the " K " triple valves. 

The loads were placed ahead to magnify the effect of slack running out 
as brakes released on the front cars. These loaded cars, of course, had 
the lowest per cent, of braking effort ; in other words, the train was made 
up to represent the worst possible conditions. 

The train was accelerated to 21,4 m. p. h. when a heavy brake applica- 
tion was made and held until the speed had been reduced to 7.25 m. p. h., 
when the brakes were released and the engineer applied steam with full 
throttle, the engine then exerting approximately 4S,ooo lbs. tractive effort. 
This test was, as a matter of fact, a deliberate attempt to break the train 
in two. 

The result, as shown by the chronograph records of a dynamometer car 
between the load and empties, was simply a steady increase in draw-ba/ 
pull, no jerk, and train was put under headway without stopping and 
■without any internal shocks zvhatever. 

This demonstration illustrates the beneficial effect of the uniform 
release feature of the " K " triple valve, which, in its far-reaching impor- 
tance to the operating department, is almost, if not quite, equal in value to 
the quick service feature in freight train handling. 

In this connection, it will be of interest to quote one or two state- 
ments from a large number of copies of reports from railroad men, show- 
ing how the new equipment is working out in every-day service. 

A train, consisting of 60 cars, 30 ahead having the new equipment, 
and the 30 behind them having the old equipment, was being taken over 
a certain road. " On request the engineer slowed down and released at 
low speed at a point where the rear of the train was on a curve and the 
head end on a tangent. He was so sure of this being a point where, with 
the brakes he was accustomed to, this operation would result in a break- 
in-two, that he would consent to make the release only under official as- 
surance that he would be relieved of all responsibility for damage and any 
delay to a passenger train with which he had a ' meet order.' The results 
were all that could possibly be desired, as there were absolutely no shocks 
to any portion of the train, and the time when the slack was fully out was 
perceived only by the most careful observation." 

" A train, consisling of 70 cars, with a coach on the rear, was' made 
up for a run to Chicago. While the train was running at about 25 m. p. h. 
a lo-lb. brake pipe reduction was made, and when completed and the speed 
of thfe train reduced to between 8 and 10 m. p. h., the brake valve handle 
was placed in release position and the engine throttle gradually opened. 
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The brakes were still retarding the engine, so the throttle was eased off a 
little, when the engine was apparently given a backward pull by the draft 
springs, though it was not in the form of a shock. The speed was reduced 
to about 3 or 4 m. p. h., but the train was kept in motion without being 
parted, and again there were no apparent shocks in the coach on the rear." 
" The release of the brakes on long trains at slow speeds with the ordi- 
nary equipment is very damaging to car:; and contents, and the opening 
of the throttle before the brakes have been fully released and the slack 
adjusted is Ihe height of folly. In view of the above, I believe we gave 
the ' K ' triple valve a hard test." 

Figures Nos. 88 to 91. 

Coming now to a comparison of actual stops made with the two equip- 
ments. Figs. 88 to 91 show stop curves for trains of all " K " valves, all 
"H" valves, and mixed "H" and "K" valves, for different speeds and 
5-!b., lo-lb., iS-lb., and 20-lb. brake pipe reductions. It will be seen, for 
example, from Fig. 88 that from a speed of 35 m. p. h. a 5-lb. reduction 
stopped the train equipped with " H " valves in a distance of 4.227 feet. 
while with the " K " valve the stop was made in a distance of 1,750 feet, 
and what is perhaps most remarkable is that with the train equipped with 
half " H " and half " K " valves, alternating, the stop was made in a little 
less than 2,000 feet, or almost as good as for the train when equipped with 
" K " valves alone. 

The reason for these differences is plainly apparent from an examina- 
tion of Fig. 82. 

The remaining curves of the series, Figs. 89 to 91, show the same 
characteristics, but, of course, with a less gain for the "K" valves as the 
reduction approaches the maximum,' for the reason that, at the speeds de- 
veloped, the stop is made with the " K " valve before the full cylinder pres- 
sure can be obtained. As regards a comparison of actual stops made from 
various speeds with the different types of valves, the curves furnish so 
complete and clear a contrast that special comment is not required. 

It will be readily seen from these curves, however, that trains can be 
controlled with light applications and the improved equipment in distances 
that have heretofore (with the older equipment) required heavy applica- 
tions, and as the end desired with service applications is smoothness and 
saving of time, the use of the " K " triple valves avoids the necessity for 
heavy or emergency applications, and the saving in damage to lading en 
route is beyond estimate. For, where the same stopping distance results, 
in one case with J^ the brake pipe reduction required in the other, it is 
evident that this can only be brought about by a great uniformity of 
braking power, and in the time in which it is obtained, on the various cars 
in the train, which necessarily means a minimum of shock, both during 
application and release. 
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Figure No. 92. 

Fig. 92 illustrates graphically the difference in air consumption re- 
quired for equal stops with the new and old equipment, also the difference 
in time required to obtain the air necessary to recharge the train, after 
the brake application, to the original pressure carried. 

The middle diagram of the upper three shows that for a lo-lb. brake 
pipe reduction (in other words, using the same amount of air), with each 
type of triple valve under the conditions of this test, that the stop is made 
with the " K " valves in half the distance run with the " H " valves. This 
shows how much the stop can be shortened, or the train control improved 
for the same consumption by using the type " K " valves. 

The remainder of the diagrams of Fig. 92 are plotted from the records 
of a 900-ft. stop with each type of valve. This stop was made with only 
a S-lb. reduction with the " K " valves, while it required a 20-lb. reduction 
with the " H " valves to stop in this distance, the air consumption being 
respectively $4}'^ cu. ft. and 217 cu. ft., as shown by the left-hand of the 
upper diagram. The effect of this upon the recharge train is seen by re- 
ferring to the upper left-hand diagram, which shows that with the " K " 
valve there was sufficient air stored in the main reservoir to recharge the 
brake pipe to 70 lbs. and still leave 83 lbs. in the main reservoir ; while with 
the " H " valves, the air stored in the main reservoir could only raise the 
brake pipe pressure to S9J4 lbs., at which point the main reservoir and 
brake pipe pressure became equalized. Therefore, to recharge the train 
to 70 lbs. with the " K " valves, no work on the part of the compressor 
was required ; while with the " H " valves it required 138 cu. ft. of air and 
3 minutes' time, as shown by the lower right-hand diagram. To then 
raise the main reservoir pressure to that which existed when the applica- 
tion was made required S4'4 cu. ft. and 1.2 minutes' time with the "K" 
valves ; while with the " H " valves it required a total of 217 cu. ft. atid 
4.7 minutes' time, as shown by the lower left-hand diagram. 

This is another case where the comparison is so. self-evident that 
further comment will be superfluous. 
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Figures Nos. 93 and 94. 

Figs. 93 and 94 are characteristic charts taken by a pressure recorder 
during the descent of a grade 200 feet to the mile (4 per cent.) and 
practically straight. These diagrams were taken from a train of 1,146 
tons, equipped with " H " valves. Fig. 93 shows the auxiliary reservoir 
pressures during the test, and Fig. 94 shows the extreme variations in 
both the brake pipe reductions required and the cylinder pressures ob- 
tained. 
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Fig. 93. Running Test. Recorder Card. Auxiliary Reservoir Pressure. 

H Triple Valves. 




Fig. 94. Running Test. Recorder Card^ Brake Pipe and Brake 
, Cylinder Pressure. H Triple Valves. 
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Figures Nos. 95 and 96. 

Figs. 95 arid 96 show similar records for tests made with the " K " 
valves on the same grade and at the same period, the chief difference 
being that it was found from previous tests that the tonnage could be 
greatly increased, and in this case it had been raised to 1,505 tons. Fig. 95 
shows the auxiliary reservoir chart, which is remarkable for the uni- 
formity of its variation^ if one may be permitted to use this apparently 
paradoxical expression. Fig. 96 shows brake pipe and brake cylinder 
pressures which are to be noted particularly on account of the uniformity 
and the amount of cylinder pressure obtained for the various reductions. 
The brake cylinder chart in itself is conclusive as to the reasons why the 
much greater tonnage could be even more safely handled down this grade. 

It was demonstrated in this test : — 

That the controlling power of the " K " valves was not less than 35 
per cent, greater than with the old valve. 

That the available time for recharging, comparing the two best runs 
tnade with each valve, was as 3 to i in favor of the " K " valves. 

A much more uniform speed was made with the " K " valves. 

It was noticeable to a marked degree that the speed of the train was 
checked much more quickly with the " K " valve. 

The average of the maximum reductions on the different runs was 7.6 
lbs. with the " K" valves and 13.3 lbs. with the " H " valves, and it must be 
borne in mind that the tonnage handled with the " K " valves was nearly 
twice that handled with the " H " valves. 

With the " H " valves the time the brakes were on, compared with the 
time they were off, was I to i^ ; while- with the " K" valve it was as i to 
3-/i. This shows how much more time was available in which to accom- 
plish a recharge with the new valve. 

With the " K " valves, no matter how light the reduction, there was 
not a case where the recorder chart did not show a response of the brake 
on the last car. 



Tonnage Demonstration. 

While smoother handling, economy of operation, and shorter stops 
are recognized as the necessary qualifications of an improved brake, the 
advantage to any particular road is much more apparent if a definite in- 
crease in tonnage handled can be shown. From a number of tests which 
have included demonstrations of this kind, the following are selected as 
illustrative. 

On a prominent Western road having heavy grades, tests were made 
on two and three per cent, grades to determine the increase in tonnage 
which could be handled safely with the new equipment over that pre- 
viously handled with the old. One of these tests was with a train of 39 
loaded cars, dynamometer car, and caboose, down a 2 per cent, grade, 
the present tonnage rating for which being 2,000 tons per train and 55 
tons per brake. 
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Fig. 9S. Running Test. Recorder Card, Brake Pipe and Brake 
Cylinder Pressure. K Triple Valves. 
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Fig. 96. Running Test. Recorder Card, Brake Pipe and Brake 
Cylinder Pressure. K Triple Valves. 
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A record of this test is graphically portrayed in Fig. 97, which is im- 
pressive as illustrating what can be accomplished in the way of safely 
handling increased tonnage down grades. 

Reading from Ihe bottom of the diagram up, there is shown for ready 
observation, the mile posts, the curvature of track, profile and per cent, 
of grade each 1,000 feet, speed of train in miles per hour, times brakes were 
applied and released, brake' cylinder pressure on last car, amount in pounds 
of each brake pipe reduction, serial number of each brake application 
auxiliary reservoir pressure on last car, main reservoir pressure, present 
rating of grade, tonnage handled in this demonstration in the different 
zones and time each mile post was passed. 

The chart has been arranged particularly to permit observations, com- 
paratively, of the important points brought out in the demonstration which, 
in the order of their importance, are as follows : Total tonnage per 
brake, maintenance of auxiliary reservoir pressure, the light average of 
brake pipe reductions and the perfect control of train as indicated by the 
speed diagram. 

The new equipment was applied to the cars as they were received at 
the top of the hill, and at the start of the run the load was 78^2 tons per 
brake. At different points in the descent the train was stopped and 
brakes cut out until for the last portion of the run the tons per brake were 
over 85, the total tonnage for the train behind the engine then being over 
3,000 tons. 

To confirm the statement that the new valves were applied to the 
train as they were received at the summit of the grade, that is, the brakes 
allowed to go just as they were, certain cars were found at the foot of 
the grade after the test with cold wheels, which shows that the brakes on 
these cars might just as well have been cut out. These, according to the 
program of the tests as originally outlined, should have been counted out. 
When this is considered, it raises the tonnage per brake to over 91 tons, 
or 65 per cent, above that permitted with the old equipment. 

During the descent of the grade the main reservoir pressure was 
never below 100 lbs., the auxiliary reservoir pressure was never below 65 
lbs., and the brake cylinder pressure averaged less than 35 lbs., while a 
possible 62 lbs. was obtainable. The highest reduction made was i6j4 lbs., 
and this in order to stop, and the highest reduction made otherwise was 
13 lbs., this being while on a 1.95 per cent, grade. The average reduc- 
tions made were far below these figures. Thus it will be seen that not 
more than .i;o per cent, of the available braking power was employed, and 
that a stop could be made at any time, notwithstanding the great tonnage 
per brake. It should also be noted that the brakes were off for a much 
longer total period of time than they were on, and that the speed was re- 
markably uniform, not varying over 2 m. p. h. either side of the average. 
Another similar test is illustrated in Fig. 98 which is still more impres- 
sive in that it shows that for this 3.3 per cent, grade the new equipment 
enabled the handling of about 80 per cent, more tonnage than the pre- 
vious standard rating, or an increase of from 40 tons to over 72 tons 
per brake. 



Development in Atr Brakes for Railroads 



177 



.1 1,3 




178 Development in Air Brakes for Railroads 

From many other tonnage demonstrations, the following are selected 
as being of interest: 

A Western road has some very difficult grades on its main line, and 
a demonstration was made over this line. The following data pertains 
to one section of this, the grade averaging over 3 per cent., and being 12 
miles long. The maximum tonnage permitted for a good brake was 40 
tons, and the total weight of the train between the engine and caboose 
limited to 2,650 tons. The new valves were applied to the regular trains 
as they were received — all other conditions being allowed to remain the 
same — and the control so much improved that the tonnage was gradually 
increased until it reached 73 tons per brake, or an increase of over 80 per 
cent., and the observers all agreed without question that the limit had not 
yet been reached. The speed was maintained remarkably uniform. At 
no time was more than one-half of the available braking power employed, 
and was required less than 40 per cent, of the running time. No hand 
brakes or o±er auxiliary controlling devices were employed. 

Another railroad, with a very heavy grade to negotiate, experienced 
this difficulty in not being able to get the cars over this section of the road 
as fast as they were being received, as they were compelled to limit the 
tonnage and to use hand brakes to assist the air brakes. It was, therefore, 
decided to equip a train with the new type of valve and see what could be 
done. A train was made up of 20 loaded ioo,ooo-lbs. capacity cars, the 
locomotive weighing 240,000 lbs. The weight of the train, exclusive of 
the engine and caboose, was 1,429 tons, being the heaviest train ever taken 
down this mountain up to this time. Aside from the application of the 
new valves to the train, no other changes were made, that is, the pressure 
carried, the braking power, etc., were not changed, and the engineer was 
allowed to manipulate the brakes as his judgment and experience dictated. 

The average grade was 17S feet to the mile, or 3.4 per cent, and the 
length 5^ miles. 

The tonnage handled with the old brake, assisted by hand brakes, was 
1,120 tons. 

The tonnage handled with the new brake (no hand brakes used) was 
1,429 tons. 

Increased tonnage with the new brake was 309 tons. 

The percentage of increased tonnage was 27 per cent. 

The time consumed with the old method was 40 minutes. 

The time consumed with the " K " valves was 25 minutes. 

The time saved, 15 minutes, or 60 per cent. 

The average speed with the old brake, assisted by the hand brakes, 
was 8.25 m. p. h. 

The average speed with the " K " valves was 13.20 m. p. h. 

The increased speed with the new method (all air brakes) was 4.95 
m. p. h., or 60 per cent. 

The governors had the air pumps shut down 25 per cent, of the time 
when using the " K " valves. 

The average brake pipe reduction required to control the train with 
the " K " valves was S lbs. 
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A i2-lb. reduction stopped the train equipped with "K" valves from 
the highest speed, while on straight track and the steepest part of the 
grade, in 14 rail lengths (about 420 feet), which shows the perfect safety 
of the train. 

Another very similar test was made with a locomotive weighing 347,- 
300 lbs., and 46 loaded 80,000 capacity cars the train as a whole weighing 
over 3,000 tons. The grade averaged 58.5 feet to the mile, and the length 
was ioj4 miles. The schedule speed 15 m. p. h. 

The train was under perfect control during the whole trip, notwith- 
standing the speed was permitted to average 26^4 miles per hour. The 
maximum brake pipe reduction made was 11 lbs., and the average 6 lbs., 
which, as the brake pipe pressure carried was 80 lbs., was far less than that 
required to produce the full braking power. The average cycle of brake 
applications was one minute and forty seconds, and the average number 
of pump strokes per minute was 82. The temperature of the wheels, when 
the foot of the grade was reached, was practically uniform, there being 
none either cold or hot. 

Other tests have been made, notably on the D. & R. G. R. R. and the 
Colorado Midland Railway, where the worst grades of the country exist. 
In these, the tonnage was doubled, and the safety greatly increased. 

These examples are given to show that the new brake is of great value, 
not only for long train service, but also for grades, not merely as a safety 
device, but pre-eminently as a dividend-earning investment. This feature 
of the new brake is the more remarkable since the real cause of its de- 
velopment was to make the brake as efficient for long as it was for short 
trains — the better control of trains on grades being an increment far be- 
yond what was anticipated. 

Summary. 

It should be stated here that in comparing the old and new forms 
of brake devices or in pointing out where improvements have been made, 
it is with reference to the capability of the old and improved brakes to 
meet present conditions. It should by no means be inferred that the 
new brake will more effectively meet the present requirements than the 
old brake did those of the past — difference in length of train considered — 
although as a matter of fact, the efficiency of present day short train 
control has been greatly increased as compared with that of the past. 
With this understanding, keeping in mind the wide range of require- 
ments to be satisfied and the peculiar advantages and limitations of the 
various forms of apparatus described we may summarize as follows : 

1st. Since the pneumatic brake was first established as the brake for 
railway service, nothing has been developed to supplant it. It has proved 
sufficiently flexible and adaptable to permit of modification and improve- 
ment to meet the ever-changing conditions. Thus, the straight air de- 
veloped into the automatic, then the plain automatic to the quick action 
automatic, and to this subsequently were added the high pressure features, 
and now the improvements which have chiefly occupied our attention this 
evening, and which, if we are to maintain the comparative efficiency of the 
brake, are even more necessary than some of those which preceded it. 
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2nd. The changes in air brake equipment are needed to keep pace 
with other changing conditions, particularly as these changes invariably 
operate to reduce the efficiency of the brake, and it is strange that this 
necessity is seen with other railroad equipment, but not with the air 
brake. For example : If an increase in engine cylinder diameter and 
stroke is made, provision is made to generate the steam required ; if heavier 
locomotives and cars are built, the roadbed is improved proportionately ; 
if heavier cars are built, wheels to carry the increased weight are put 
under them, etc., but the necessity for improving the air brake does not 
seem to be appreciated in the same way, notwithstanding that it is affected 
more than anything else, seeing that it must operate on the train as a 
whole instead of as individual units. 

3rd. That with all the brake improvements, it is too much to expect 
to obtain better control of present-day trains than was possible in the 
first years of the air brake. It is true that present control can be im- 
proved, but this does not mean that it will be greater than before, but 
that we are returning to our former efficiency. 

4th. Ability to apply and release the brakes without fear of shocks, 
under conditions where they are certain with the old brake, gives an 
added value to all rolling stock. 

Sth. As only a comparatively light reduction is required with the 
" K " valves to apply all the brakes and with uniform cylinder pressure, 
there is not suificient braking power in any one part of the train to cause 
the slack to run in or out severely. On the other hand, with the old 
brake, a heavy reduction is required to apply the brakes at the rear of a 
long train, the effect of which is to bunch the slack severely with conse- 
quent running out again as the brakes take hold at the rear and the 
draft springs recoil. As shock is the complement of time and the place 
where the retarding force is developed, it will be seen that shocks, due 
to brake applications, will be greatly reduced with the new valve, for 
while the time required to dissipate the energy of the moving train will 
be the same, the distribution of the braking power will be different, as it 
will be divided among all the vehicles in the train instead of first at one 
end and then at the other. 

6th. Because more applications and releases can be made in the same 
time with the new brake than with the old a much better control and safer 
operation of the long trains are obtained. 

7th. On account of the uniform release feature, and because a maxi- 
mum or full-service application of the brake is seldom required with the 
new brake, the release is more prompt and certain at the rear (which, as 
has been shown, in the vital place of a long train), and the number of 
" stuck brakes," fiat wheels, and shocks are greatly reduced, particularly 
as no damage can be caused by the engineer opening the throttle before 
the brakes at the rear have released, as is now the case. 

Sth. The uniform recharge feature assists in this, inasmuch as the 
number of "stuck brakes'' (resulting from a re-application due to over- 



Development in Air Brakes for Railroads i8i 

charging after a release) is reduced and a more uniform response of all 
the brakes is secured if an application is made, immediately following a 
release. 

9th. The quick-service feature makes possible much shorter stops, 
which is important at all times, but particularly where block signals are 
in use. This makes quick action applications of the brake unnecessary ex- 
cept in cases of actual danger. 

10. The uniform release feature in grade work to a large degree 
acts as an automatic retaining valve, which is one of the factors in the 
increased control. 

nth. The uniformity of application and release tends to reduce the 
serious effects of the wide difference of braking power loaded and empty 
cars in the same train. 

I2th. That vital factor in train control, the personal equation, is made 
more uniform, as less skill and judgment is required to get good results, 
while lack of these cannot result in so much harm. 

13th. As the air required to obtain the same control is only one- 
third of that required by the old brake, there is much less danger of the 
supply being inadequate, and with brakes in a reasonable operative con- 
dition, there is more likelihood of the engineer stalling or stopping than 
in " losing his air." 

14th. Much shifting of lading and breaking-in-two now caused, inde- 
pendent of the brake, by stopping and starting, will be eliminated, as slow 
downs instead of stops can be made; this, gentlemen, deserves more than 
passing consideration. 

iSth. More tonnage can be handled, and at higher and more uniform 
speeds, than has heretofore been possible, with safety. 

i6th. Accidents, due to broken wheels, will be fewer, as with the new 
valve each brake does nearer its share of the work; thus, the excessive 
heating, due to hand brakes being used, or a few brakes doing the work, 
no longer takes place. 

17th. (i) The old valves are greatly helped by the new ones when 
mixed in a train. 

(2) The new features are simply additions to the old valves. 

(3) The old can be converted into the new valves. 

i8th. From the nature of the case, it is impossible to do more than 
call j'our attention to the fact that a great saving (as distinguished from 
the earning capacity of the brake) will result from the avoidance of 
damage and delays because of the new features and the greater efficiency 
of the new brake for present day conditions. 

iQth. We particularly call your attention to the fact that not only 
has the old brake been one of the vital factors in railroad progress and 
development, but it is today, the same brake with the new features added, 
and for the conditions for which it was designed, it has never been 
equaled. Furthermore, we need only call j'our attention to the fact that 
there are over 150,000 of the new valves in service at the present day to 
show that the new apparatus is well beyond its experimental stage. 
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20th. And, finally, we think you will all agree that those to whom 
the railroads of this continent have intrusted, for so long a time and with 
such success, the control of their trains, have done their part toward main- 
taining the controlling mechanism up to present day requirements. 

The CHAIRMAN— The lively interest of our members in this sub- 
ject is evidenced by the size of our audience. If there is any one here 
who has any question to propound, we have here an expert who can fully 
satisfy him. 

Now, in opening our discussion, I will call upon Mr. J. F. Cosgrove, of 
Scranton, Pa., Dean of the Faculty of the Railway Department, Inter- 
national Correspondence Schools. 

Mr. COSGROVE— Mr. President and Gentlemen: When I came 
down this afternoon I did not expect to be called upon to discuss the 
paper, because I was unable to even look it over until this afternoon. It 
certainly is an excellent paper and presents many new ideas along lines 
that probably few of us have thought of in the past. 

One of the first ideas that struck me as important, and it seems to 
recur frequently in the paper, is the idea that too little importance is at- 
tached to the air brake from the standpoint of its efficiency as a money- 
maker; the general idea being that it is more of a safety device than an 
expediency in getting trains over the road, thus helping the dividend-earn- 
ing power. The mechanical department is better acquainted with the value 
of the brake from that standpoint than is the department which handles 
the finances, and on that account it is a hard matter, on some roads, to 
make the management realize the importance of adopting the later form of 
brakes. To their, best knowledge, the brakes in use seem to be stopping 
their trains satisfactorily, so why should they go to the expense of the 
new equipment? In the press of their duties they have not given the subject 
sufficient thought to realize that anything that affects greater safety to 
the traveling public, gives greater protection to the rolling stock and 
freight, permits of increased speeds, longer and heavier trains, and greater 
frequency of train service, thereby makes both the equipment, the men 
and the track available for increased service and very materially in- 
creases the earning power of the road. The idea has never been presented 
to them in this light. Had it been, the air brakes and the entire air brake 
department would receive much more consideration at their hands. 

On the other hand, anything that helps the motive power helps the 
acceleration of train movement and is given careful consideration by the 
management. The power is equipped with the latest devices. Why? Be- 
cause the new devices are advocated on the basis of the saving they will 
effect is adopted. They are not represented as a precaution, but are 
exploited as a dividend-earning device, having a definite earning capacity, 
and as such the management can readily understand their necessity. 

If the mechanical department desires to adopt an approved air brake 
appliance, or air brake system, or to have better maintenance of the brakes, 
they should advocate it on exactly the same basis as they would the adop- 
tion of an improved mechanical device for the locomotive. This method 
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will soon bring the management to the point where they will give the 
brake its true value relative to the movement of trains, and will result in 
very materially raising the standing of the air brake and of the air brake 
department. 

The improvements that have been effected in the air brake from time 
to time since its adoption, permit of freight trains being increased from 
IS cars in the old days to over 100 cars today, with a tonnage fifteen times 
as great as formerly. Also higher and more uniform train speed and 
greater train frequency are now possible with safety. This had enor- 
mously increased the tonnage haul and at the same time greatly decreased 
the cost per ton mile for haulage. Increasing the tonnage, speed and 
train frequency, increases the capacity and thus the earning power of the 
road, the motive power and cars, and the men ; at the same time the fac- 
tors of safety and the degree of control of long trains have been greatly 
increased. 

In passenger service newer forms of brake permit the speed to be in- 
creased from 40 and 45 miles per hour to 60 and 70 miles per hour, and 
makes possible the 18-hour train between New York and Chicago. Not- 
withstanding that coaches have increased in weight from 20,000 to 150,- 
000 pounds the speed is made possible, practicable, and safe by the new 
apparatus. Not only are these high speeds made possible, but trains 
several times the weight are hauled at these speeds with safety. 

Longer and heavier trains hauled at high speeds with greater safety, 
better control, and with a considerable saving in time during stops and 
slow-downs are advantages that will appeal directly to management of 
railroads, if they are made fully conversant with them. I think this 
paper is timely, and I believe that it will have the effect of enlightening 
a great many on the earning capacity feature of the brake ; it certainly 
will place us in a position whereby we can go forth and spread the. doc- 
trine. (Applause.) 

The CHAIRMAN— I will ask Mr. T. L. Burton, General Inspector of 
the Central Railroad of New Jersey and the Philadelphia & Reading 
Railway, to make a few remarks on this subject. 

MR. BURTON — Mr. Chairman and Gentlemen : In attempting to 
discuss at this time the paper of the evening we are confronted wit'" 
several obstacles. First, those who know the author, as many of us do, 
appreciate the fact that there is usually but little to be criticized in and 
nothing to be added to his writings. Second, the paper is of such magni- 
tude as to make a detail discussion on the .various subjects with which it 
treats an impossibility in the short time that is available for discussion ; 
moreover, I have not seen a copy of the publication in its present form. 
The Secretary of the Club very kindly sent me a galley-proof of the paper 
a few days ago, but it was received as I was leaving town to be away 
until to-night. My absence has, therefore, precluded the possibility of 
preparing from information at hand, data pertaining to the subject which 
is now before you for consideration. 
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In reading over the paper hurriedly, however, it seems to be divided 
into five separate and distinct parts, namely : The changes in train opera- 
tion which have made the development of the air brake to its present 
stage, necessary, advisable, or possible; the development of the locomo- 
tive brake, the development of the passenger car brake, proper braking 
power for passenger cars and the basis from which the same should be 
calculated, and the development of the freight brake. 

Of the parts of the paper which have been mentioned, the ones per- 
taining to passenger service are the ones to which I have devoted the 
most thought. What I have to say shall, therefore, be confined to the type 
of equipment and the amount of braking power best suited for this serv- 
ice. As the paper very ably states, in determining the proper braking 
power for cars, two objective points must of necessity be kept constantly 
in mind — the maximum that can be used in service braking with- 
out destroying the flexibility of the brake in making station stops, etc., and 
the maximum that can be employed in emergency without causing disas- 
trous wheel sliding. With due regard for both, the paper resolves itself 
into recommending 90 per cent, of the light weight of the car, based on 
so pounds cylinder pressure, which is equivalcirt to 1.8 per cent, for each 
pound of pressure that may be in the cylinder at any one time. 

The old method, which is still extensively employed, is to brake pas- 
senger cars at 90 per cent, on 60, which is equivalent to lYn per cent, per 
pound of pressure. You will thus see that the proposed change in the base 
of the calculation is equivalent to increasing the braking power 20 per cent. 
— using the old method as the unit base and assuming that the pressfire is 
constant in both cases. 

It is very gratifying to have a man of Mr. Turner's ability and repu- 
tation come before an audience of this kind and make such a recommen- 
.dation. It, is more gratifying, to me at least, to realize that some of the 
leading and largest roads in the country have adopted the recommendar 
tion in question. 

This gratification on my part is due in part to the fact that as far 
back as 1901 the passenger car equipment of the Central Railroad of 
New Jersey was braked in accordance with the proposed method (1.8 per 
cent, per pound of cylinder pressure), and the results obtained from such 
practice were remarkably good. 

It is true that the brake pipe pressure employed, at that time referred 
to, was rarely above 70 to 90 pounds, so that the maximum braking power 
obtained was seldom more than 90 per cent. Our practice, therefore, dem- 
onstrates nothing with regard to wheel sliding in emergency braking, 
but it did afford an opportunity to observe the practicability of using 1.8 
per cent, braking power per pound of cylinder pressure without destroying 
the flexibility of the brake for service stops. 

In 1903, preparatory to the adoption of the high speed brake, we made 
an exhaustive series of brake tests in which was demonstrated the prac- 
ticability and desirability of using the percentage of braking power, of 
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which I have spoken, in connection with iio pounds brake pipe pressure 
and the high speed brake, which at that time was standard and the best 
obtainable. 

In applying the high speed brake, after the conclusion of the test 
which led to its adoption, the practice with regard to braking power 
was changed from 90 per cent, on 50 to 90 per cent, on 55, or from 1.8 to 
1.64 per cent, per pound of cylinder pressure. This change was not made 
because of dissatisfaction with the former practice, but because we were 
handling in interchange a number of cars from connecting lines which 
were braked at 90 on 60. We did not feel disposed to do all of the 
braking in through line and interchange service. 

From seven to eight years' experience with approximately 600 cars 
braking at practically 1.8 per cent, per pound of cylinder pressure and 
operating in almost every imaginable class of passenger service, I would 
consider it entirely proper to use such braking power for passenger equip- 
ment cars. 

The author further recommends, for use in conjunction with the lev- 
erage ratio referred to, an air brake equipment with which 104 pounds 
cylinder pressure is obtainable for emergency braking and with which this 
pressure will be retained in the cylinders throughout the length of the 
stop. I can best comment on such a recommendation by referring to some 
brake tests which were recently made on the Philadelphia & Reading 
Railway with modern passenger cars, on which were developed 178.6 per 
cent, brake power throughout the stop, with no excessive wheel-sliding. 

The question frequently arises as to how we can apply such braking 
power and retain it until the stop is completed without disastrous wheel- 
sliding. Mr. Turner explains this point clearly in so far as concerns loss 
in coefficient of brake shoe friction, as results if high shoe pressure, high 
speed and continuous rubbing incident to stopping from high speed, but 
a careful analysis of the subject discloses a number of other losses to 
which no reference is made in the paper, and which frequently reduces the 
actual or effective braking power to a point much below the nominal or 
calculated power. 

To illustrate the point in mind, I will exhibit a diagram showing such 
analysis of the Reading test and endeavor to explain where some of the 
losses occurred. 

The cars with which the tests were made weighed 76,000 pounds and 
were equipped with four-wheel trucks, the average weight at each wheel 
being 9,500 pounds. The calculated braking power, as previously stated, 
was 178.6 per cent, of the weight of the car, making the nominal brake load 
no each brake beam approximately 34,000 pounds, or to be exact, it has 
16,994 pounds per shoe. 

We know there is a certain loss in transmitting the brake force from 
the brake piston to the shoes, and while the exact loss from this source 
is not always known, it is believed to have been, in the case under con- 
sideration, about 18 per cent, of the nominal, which if true would make 
the actual pressure at the end of the beams 13,913 pounds, which is equiv- 
alent to 146.4 per cent, of the weight on the rail. 



i86 Development in Air Brakes for Railroads 

The braking load on the beam is transmitted from the truck levers 
through a line (A) parallel to the track and at a point above the rail 
corresponding to the center of the beam. 
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The load from the brake beam is transmitted to the wheel through 
a line (B) drawn from the center of the shoe to the center of the axle and 
is equal to 13,625 pounds, or 143.4 per cent, of the weight on rail. 

The upper end of the hanger links were attached to springs at the 
intersection of C and D, which were secured to the truck. The springs 
were carefully calibrated in a testing machine before applying them to the 
truck, so that the load carried by the springs at any height from solid 
compression to maximum free height was known. 

By measuring the height of the springs at the approach of the stop 
the maximum pull on the brake beam hangers could be determined. 

During the last few feet of the stop the springs registered a pull ver- 
tical to the track through line (D) of 3,200 pounds. The hangers, how- 
ever, were not parallel to the springs, so that the loads on the two were 
not uniform. Taking into account the angle of the hanger to the spring 
centers, in order to develop a pull of 3,200 pounds on the spring, we must 
first have a pull of 3,360 pounds on the hanger (through line C). The 
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angle of the hangers to the wheel tangent at the center of shoes was such 
as to give us a tangential pull on the wheel through line E of 3,345 
pounds, then the ratio of this pull to the force 13,625 pounds through B 
gives us an equivalent coefficient of brake shoe friction of 24.5 per 
cent. 

As the wheels would invariably slide when a vertical spring pull of 
3,200 pounds was registered, the ratio of the tangential pull of 3,345 pounds 
to the weight 9,500 pounds on the rail should, by disregarding the rotative 
energy of the wheel and the transfer of a portion of the weight from 
the rear wheels in the truck to the forward wheels during an application 
of the brake, give us a coefficient of friction between the wheel and rail 
of 35-I- 

The illustration would seem to confirm the author's statement that 
the coefficient of friction between a steel-tired wheel and the rail is 
frequently in excess of .25. 

While the coefficient of brake shoe friction is shown to be decidedly 
in excess of what the author says should be expected, there may be a 
means of accounting for the difference, i. e., he is considering a much 
higher speed and shoe pressure than was developed in the test under con- 
sideration. Our maximum speed was fifty to fifty-five miles per hour 
and the cars were much lighter than Mr. Turner has in mind. It is also 
true that the coefficient of brake-shoe friction to which I have referred 
was not developed until the stop was practically completed. Unfortu- 
nately, the springs which were used in making the test were not suffi- 
ciently flexible to register the hanger pull at all stages of the stop. 

Type " P " (old style) brake equipment was used in making the test, 
and the maximum cylinder pressure obtainable with this equipment being 
90 to 94 pounds, in order to obtain a total braking power of 178.6 per cent. 
of the weight of the car it was necessary to use a leverage ratio suitable 
for 1.9 per cent, per pound of cylinder pressure. It was observed that 
such leverage ratio was too high for satisfactory flexibility in service brak- 
ing, though the maximum brake power of practically 179 per cent, was 
believed by those who attended the test, to be practical for emergency 
stops. 

Our experience in this connection emphasizes, in my mind, the ad- 
vantages to be derived from using an air brake equipment with which a 
much higher cylinder pressure can be developed in emergency stops than 
would be practical for service braking. I, therefore, wish to indorse 
that part of the paper in which reference is made to the gap which should 
exist in the desired cylinder pressure for emergency stops and the maxi- 
mum permissible, in a given time, for service braking. 

In Figure 33, page 76, of the paper will be found retardation curves 
representing two stops made with a train of ten cars and two locomotives, 
equipped in one case with the new brake and in the other with the so- 
called old brake. The difference in the length of stops illustrated is in 
favor of the new equipment, but both stops are decidedly discreditable es- 
pecially in view of the high brake power that was used in conjunction 
with the new brake, by means of the high cylinder pressure that was used 
with this equipment without a reducing mechanism. 
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It will be observed that the speed in both cases was approximately 
84 miles per hour, and the length of the stops was 2,591 and 3,062 feet 
respectively with the new and old brake. 

In 1903, there was made on the Central Railroad of New Jersey a 
series of brake tests in which trains of three cars and one locomotive 
were stopped from speeds of 80 miles per hour in 2,100 feet. The same 
train should be stopped from the speed shown in Figure 23 — 84 miles 
per hour — in about 2,300 feet. 

The Central train was braked at 1.5 per cent, per pound of cylinder 
pressure, the maximum cylinder pressure being 82 to 84 pounds, the 
maximum braking power was about 125 per cent, and owing to the high 
speed reducing valves reducing the cylinder pressure to 60 pounds before 
the stop was completed, the mean effective brake power was much below 
the maximum. Moreover, the Central train was shorter than the test 
train referred to in the paper, which gave the latter an advantage over 
the former, as a much greater distance is required for stopping a three-car 
train from a given speed than is required for stopping a longer train. 

The test shows, however, that the Central train equipped with the 
old brake, could be stopped in over 10 per cent, shorter distance than the 
train referred to in paper as being equipped with the new brake, developing 
a decidedly higher brake power. 

I do nof draw this comparison with a view of discrediting the brake 
equipment which was used in making the stops referred to in the paper. 
To the contrary, the point is raised to illustrate the fact that in trying 
to bring our passenger brake equipment up to a standard that will insure 
making the shortest possible stops in time of danger, all of our energies 
should not be devoted to the air-operating parts. There are a number 
of other things of equal importance that should receive due consideration 
in our efforts to perfect the service. 

It is an unquestionable fact that the decidedly effective stops which 
were made in the Jersey Central test, were due in part to the condition of 
ihe cars, trucks, brake shoes and foundation brake gear. The latter was 
very light proportionately to the work required, which insured a minimum 
loss in brake power in transmitting it from the brake cylinder to the 
wheels. 

The time is undoubtedly at hand when those who have to do with the 
design and installation of brake gear should carefully consider the use of 
such forgings as will insure maximum strength and minimum weight. 

Specifications of the Master Car Builders' Association for high speed 
brake details provide for a maximum fiber stress in levers of 23,000 
pounds. These specifications provide for wrought iron forgings and they 
provide ample strength for such forgings. A number of roads are now 
making brake levers for passenger cars of steel. Owing to the difference 
in the maximum bending movement of steel and wrought iron, the steel 
lever should be preferable from the point of reducing weight and resulting 
loss in brake power. 
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There is more that I should hke to say on the papet^ but lack of time 
prohibits further discussion on my part. I thank you for your atten- 
tion. (Applause.) 

The CHAIRMAN — There are a number of gentlemen here who are 
amply able to discuss this subject and probably wish to speak on it, and in 
throwing the subject open for general discussion I only wish to add that 
they bear this in mind and at the proper time look out for your braking 
facilities. (Laughter.) 

The subject is open for general discussion. 

Mr. Albers, do you wish to add a few remarks to what has been said? 

MR. L. H. ALBERS (New York Central & Hudson River Railroad) 
— Mr. President and Fellow Members: In my opinion, the paper just read 
is one of the best that has come to my notice, and I believe my library 
contains nearly everything pertaining to the subject of Air Brakes. The 
paper is a lengthy one, therefore I am glad Mr. Turner was considerate 
and omitted some of the points contained therein, as it affords me an 
opportunity to touch on one or two of them. 

Fortunately, I received my copy at an early date which gave me ample 
lime for perusal, and it was to me the pleasure received by a little boy 
with a good story book who cannot leave it and go to bed. Many here 
present have been in the same boat. I am sure you have read many a night 
until your mother insisted upon your going to bed. In this particular 
case 1 was going to do likewise, but being a benedict, I was politely in- 
vited to come to bed. (Laughter.) 

One of the points which impressed me more than any other is shown 
in photograph on page 77, which, as I take it, shows an engine broken away 
from train and an emergency application made. I happened to witness a 
number of these tests which were vividly brought back to my mind in the 
photograph. 

Studying the table, or figure 33 on page 76, we find the results of tests 
the cars and engine having new brakes, a gap of 427 feet between the 
engine and cars existed after the stop was made. Further, it is noted 
that with the engine and cars having the old brake, a gap of 1,515 feet 
existed after the stop was made. It seems hardly possible that there 
should be a gap of I,SIS feet, which of course you will note has been 
greatly reduced by the new brake. The point I wish to illustrate is thai 
with the old engine brake (driver brake) the calculations are based on 75 
per cent, braking power on 50 pounds cylinder pressure, while with the 
new brake the calculations for the driver brake are based 60 per cent, 
on so pounds cylinder pressure, which, under an emergency application 
in the former, we obtain about 112 per cent., while in the latter 114 per 
cent, is obtained. This is due to a somewhat higher brake cylinder pres- 
sure under an emergency application with the new brake. Yet, when 
considering that the percentage of braking power under an emergency 
application with both brakes is practically the same, it proves the value 
of the retaining feature of the new brake and that, practically, we have 
been running our engines with no brake for years. 
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I believe it would be possible to arrange the engine brake so the stops 
can be made at even less distance than shown with the new engine brake. 
As I understand the new car brake under an emergency application gives 
between 104 and 105 lbs. brake cylinder pressure, and this pressure is held 
until the train has made the stop, which gives about 187 per cent, braking 
power, while with the new engine brake, under an emergency application, 
about 95 lbs. cylinder pressure is obtained, which pressure is blown down 
to about 68 lbs. with a safety valve, naturally reducing the percentage of 
braking power below 114 per cent, while on the cars, as stated, it is held 
at about 105 lbs., or 187 per cent, until stop is made. 

It seems evident that the Superintendent of Motive Power has a com- 
plaint to make in view of the fact that the car brakes have been given the 
advantage of bottling up the air during the emergency application, while 
part of that on the engine is being wasted. 

I believe further consideration is due the engine brake, and if the 
bottling can be done on the cars, it might be carried still further and 
enable us to have the stop made in far less than 427 feet, as given with the 
new engine brake. (Applause.) 

The CHAIRMAN — We have heard from two steam railroad men, 
and we would like to hear from the electrical men. I will ask Mr. 
Munger, General Manager of the Hudson Companies, to add a few 
words to the discussion. 

MR. MUNGER— Mr. Chairman and Gentlemen: I regret that I did 
not receive the paper in time to carefully read it. I received it only yes- 
terday. In glancing over the paper I find it to be full of meat, and as the 
gentleman who preceded me has said, it is by far the best air brake 
paper that I have ever seen. 

Four years ago I was with the road which was the first to be 
equipped with the graduated release brake, and I think great credit is due 
to the author of the paper of the evening, Mr. Turner, that that appli- 
cation was made and that it proved entirely satisfactory. The brake is 
absolutely fool-proof, as has been shown by about four years of service 
There were some rear-end collisions on the road, but no trainmen ever 
laid them to the brakes. The brakes were never known to fail in service, 
and consequently the trainmen never thought of their failure as a possi- 
ble explanation of trouble. 

The car mileage of the road mentioned above was about one million 
passenger car miles per month. As to the cost of maintenance of the 
graduated release brake I would say that it is no more than the plain 
automatic brake. In regard to flat wheels, I would say that we never 
had any flat wheels because of the brake. (Applause.) 

The CHAIRMAN— I will call on another electrical man, Mr. J. S. 
Doyle. 
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MR. DOYLE — Mr. Chairman and Gentlemen : I want to say that I 
did not expect this invitation and am, therefore, unprepared to say much 
tonight. I might say, however, that Mr. Turner appeared in New York 
some four or five years ago to advocate the long-looked-for graduated 
release and quick recharge automatic type of brake. We listened to him 
as patiently as to his predecessors, and his design looked so promising that 
we finally allowed him to equip a train in regular service, which, if I recall 
it correctly, was the first time this apparatus was given a service trial. 
This train was continued in service for a year and a half, and performed 
so satisfactorily that we finally decided to discard the regular type of au- 
tomatic brake employed on our Subway Division and install the new ap- 
paratu.s. The requirements of our Subway Service are, as you all know, 
very exacting, and this type of apparatus has performed the service better 
than the old type of brake. (Applause.) 

The CHAIRMAN— The Pennsylvania Railroad has probably gone 
more largely into the steel passenger car equipment than any other road 
in the country. Mr. J, R. Alexander, General Road Foreman of Engines 
of the Pennsylvania Railroad, is here this evening, and I will ask him to 
address us on this subject. 

MR. ALEXANDER— Mr. Chairman and Members: It has been my 
privilege during the past few years to have something to do in the hand- 
ling of trains in service, so that I am somewhat familiar with what I 
might term the old and the new standard brake, as outlined in Mr. Tur- 
ner's paper ; the old standard having reference to the quick-acting auto- 
matic brake equipment for locomotives and cars and the new, which con- 
sists of the "ET" engine and independent locomotive brakes- and quick 
service and retarded release types of triple valves for car equipment. 
I would like to say, as an operating man, that I will accept Mr. Turner's 
very able paper as a round-up and complete analysis of the various im- 
provements that have been brought out from time to time in the matter 
of air brakes for railway train service. 

Referring to the new equipment which many have had some experi- 
ence with in different parts of the country, the line with which I am con- 
nected have in service quite a number of the new engine equipment and 
some of the car equipment, and I can assure you that everything that has 
been submitted by the author of the paper of the evening as being a 
possible or actual improvement is thoroughly borne out by our experience 
with this equipment. We do not have any trouble in having the new 
brakes properly handled that cannot be corrected by proper instructions 
and supervision. I have heard a great deal of criticism, pro and con, in 
regard to the results that can be obtained from the fact that these new 
wrinkles that are brought out are not readily adopted by the men and 
they cannot keep up with the improvements without receiving a certain 
amount of practical instructions and demonstrations, or in other words, 
the air brake instructor must constantly be doing good missionary work. 
Those of us who have to do with the education of engine and trainmen 
on railroads, will agree with me when I say that we have had less trouble 
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in teaching men to handle the more recently improved automatic brake 
appliances than was experienced in teaching them to handle the old plain 
quick-acting automatic brake in the early development of train brakes, 
and the reason is plain, because all of the improved devices that have 
received the approval of the various railroads have been made in the 
direction of simplifying in some way the manipulation or the operation 
of train brakes. 

Another thought I hear advanced to-night is that it is difficult to have 
the management of our different railroads take up these apparently new 
inventions ; in other words, to spend the money to get the best there is 
to be had. This I rather doubt, and think that the real trouble lies in 
the fact that there is a middle class which is somewhat slow to adapt 
themselves to the new conditions, or possibly to have the courage to 
stand steadfast to their convictions. I refer particularly to the air brake 
experts employed by the different railroads who have not kept in advance 
of the times and have not laid before their management with sufficient 
emphasis the full value of this new development. For that reason alone, 
our superior officers would hesitate to go into the large expense involved 
to equip their locomotives and cars with something different from the 
present standard equipment until time, or the other fellow, has developed 
the fact that there is no argument needed to show the advantage of the 
new apparatus over the old. From my experience and observations there 
should be no hesitancy whatever on the part of the air brake inspectors 
in taking up and making all needed recommendations for what is 
called the new air brake equipment, as far as its practical application will 
suit the local conditions existing in their respective territory. 

Concerning the type " L " triple valve as used on passenger equip- 
ment cars, we find, from observation of quite a number in service, that 
their performance is entirely satisfactory, and in fact so much so that 
they are now being applied to all-steel passenger equipment cars, and quits 
a large number of the new locomotives have been equipped with the new 
" ET " equipment. I can assure you that the best recommendation for 
the equipment mentioned, j. e., the " ET " engine and tender brake and 
the type " L " triple valve, is the results obtained in service. 

The CHAIRMAN — Does any gentleman volunteer any remarks? 

(A member arose in the audience to speak.) 

The CHAIRMAN— What name, please? 

The MEMBER— Mr. R. H. Blackall. I came down here to-night 
because I am interested in the subject presented, but, from my standpoint, 
it is to be regretted that the Chairman has asked us to curtail our remarks, 
as I have been a member of this club for about twelve years and have 
paid about $24.00 into the treasury; this is my second visit to the club 
in that time. I was not prepared to speak, as I had not read the paper, 
but thought this would be a fine opportunity to let the blessed sound flow 
on and get my twenty-four dollars' worth. (Laughter.) 
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The paper presented to-night shows a great deal of thought and it 
sums up a great many years of experience and the expenditure of an 
immense sum of money in getting to the point of the art at which we have 
arrived. 

As I listened I could not help but think that we are still the same, in 
a way, as we were when children. The three meals a day came to us then, 
and a comfortable place to sleep, but we never had a thought of the many 
sacrifices and the immense amount of striving necessary to make such 
comfort possible; we are likely to take things as they come without 
counting the cost. 

There are very few here • who have any conception of the immense 
amount of work, energy, expense, disappointments, etc., that are a neces- 
sary accompaniment to the development of such an art. The brake of five 
years ago has been revolutionized, and there is no question but that Mr. 
Turner is entitled to a considerable share of credit for the changes that 
have been made, and he has certainly had the most loyal support from the 
Westinghouse Air Brake Company, which has spent thousands of dollars 
in perfecting the devices referred to in the paper to-night. 

Not being connected with the WeStinghouse Company, I feel that I 
can say a word about what has been done. Take the "K" triple valve: 
there were two years when the work on this valve was practically a night 
and day "proposition, and not less than twelve or fifteen sets of quick- 
service triple valves were designed, built and tested. After passing the 
rack test they were taken out and tested under actual road conditions. 
For this test two miles of track, an engine and train crew, a test crew 
and' from 50 to 65 cars were reserved for about six months with which 
to try out the valves. Instructions were given that the new valve must 
no; be helped by the use of latest modern equipment, so the valves were 
tested out with wooden cars that had seen eleven and twelve years of 
service and were equipped with single spring draft gear. 

The first valves tested were so severe in their action that they were 
out of the question, and it was not until several new valves had been 
made that they would finally give all of the results with which you are 
familiar, but this was done without producing any more strains in the 
train, and in most cases much less, than would the older form of triple. 
Part of the train was also loaded, to be sure that the slack action would be 
satisfactory in all respects and under all conditions. 

The valve was developed with, this old weak train to such a point 
that, finally, the slow-acting valves could be placed on the front half of 
the train and the quick-acting ones on the rear half, and no objectionable 
results were obtained. 

In the discussion to-night the freight equipment seems to have been 
entirely neglected, and this, to me, is the more important of all. It was 
my good fortune to be connected with the development of this valve, -and 
to be the first to try it out on the worst grades of the mountainous West. 
Among these were the Soldier Summit grade of the D. & R. G., the Cardiff 
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Branch grade of the Colorado Midland, and practically all of the heavy 
grades of the Northern Pacific; we also tried it on the 200 foot grade 
on the South Fork Branch of the P. R. R. 

My experience on the grades was such that I am safe in stating thai 
there is not a set of operating conditions that can be presented to-day that 
the Westinghouse Company cannot meet with their new equipment if the 
engine is given the proper pump and main reservoir capacity and the car 
equipment is given the proper maintenance. (Applause.) 

The CHAIRMAN— Mr. Blackall has had his twenty-four dollars' 
worth. Mr. Frank Hedley, Vice-President and General Manager of the 
Interborough Rapid Transit Company. 

MR. HEDLEY— Mr. Chairman and Gentlemen : Like the rest of the 
speakers, I did not have an opportunity of looking the paper over and, 
did not read any part of it until this evening. Some points have struck 
me with a great deal of interest, having known something about the 
brake that Mr. Turner has written about here. It was first called to my 
attention about five years ago. Mr. Herman Westinghouse came to my 
office and told me what he had in. a general way, and after I had talked 
with him for a while I thought it had some merits, and he said, " I will 
bring around in a day or two Mr. Turner, who can talk with you in detail 
about this brake and what it will do.'' In two or three days Mr. Westing- 
house brought around Mr. Turner. I looked him over carefully, and it did 
not take me very long to decide Mr. Turner was full — (laughter) — of his 
subject. Now, sometimes, as you know, I have to explain the reasons 
why we do not do things. We are in the stopping business, and we have 
a great many things to stop, and incidently we have to stop heavy trains 
very frequently. I do not know of any place where a heavy train service 
exists where the value of a second or the fractional part of a second for 
each one of their stops means so much revenue to the railroad company. 
It is mentioned here in the paper on page 13, that sometimes the railroad 
officials give more attention to the matter of the color - of the paint on 
their cars than they do to the air brakes. I assume that that is good news 
to the paint men (laughter), but I do not agree with Mr. Turner in that 
respect. In fact, I know it is not so in so far as the Interborough Com- 
pany is concerned. One of the speakers stated that a few years ago on 
the line with which he was connected they put on this new kind of 
brake, and that after they put that brake on they had some accident. I 
assume that he refers to tail-end collision, or an accident where the motor- 
man did not stop his train as soon as he should have done, and perhaps 
went into the tail end of another train. I was more than glad to learn 
that it was not due to any fault of the new air brake. But, now that we 
have this new kind of brake in use, I suppose they will still come to the 
management with the same old story. (Laughter and applause.) 

The CHAIRMAN — Now, this meeting will not be quite complete un- 
less we hear from Mr. H. H. Westinghouse. I will ask him to give us 
a few words. 
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MR. WESTINGHOUSE— Mr. Chairman and Gentlemen: This op- 
portunity to address you is an unexpected pleasure, although I feel little 
can profitably be added to what has been said upon the subject treated by 
Mr. Turner, as he has clearly explained the present status of the braking 
problem and the changed conditions calling for improved brake devices 
of a character described by him. 

I will, however, take advantage of this occasion to refer to the im- 
portance of adequate maintenance of brakes and a requisite degree of 
skill on the part of operatives to secure proper operation, if reasonable 
efficiency from their use is to be realized. As manufacturers of brake 
apparatus, we sometimes feel that there is a lack of realization on th.e 
part of those using brakes of how little value the best brake apparatus is, 
if not kept in order and intelligently manipulated. No more useless ex- 
penditure can be made than for brakes that are not properly maintained, 
for they, then, not only fail to perform as expected and desired, but not 
infrequently become a hindrance rather than a help to the movement of 
traffic when these wrong conditions are allowed to develop and continue. 
So-called brake failures, including runaway trains and stuck brakes, are the 
direct result either of poor maintenance or improper manipulation on 
the part of the operatives. 

I believe one reason for lax brake maintenance will be found in a 
tendency among many railway officials to class brakes with other parts 
of railway mechanisms — such as wheels, springs, couplers and similar 
devices having no operative functions that are not performed automat- 
ically, their use being entirely independent of manual operation, and call- 
ing for but little in the way of inspection and repair, the effects of use and 
wear being corrected by replacement. 

With brake apparatus, however, conditions are wholly different, for 
no other single element of railway mechanism, possibly excepting the 
locomotive, requires more frequent manipulation or demands such rigid 
and frequent inspection. Its successful operation requires that every train- 
man, as well as a considerable force of shop and round-house men, shall 
have special training, as evidenced by the large number of air brake in- 
struction plants and air brake courses given by correspondence schools. 

Still, with all that has been done and is being done, a great opportunity 
for improvement yet remains, which will be approximated when those 
in authority realize that the question of training and proper provision for 
brake maintenance and inspection is a continuing one. It has been our 
experience that when the attention of railway officials is called to this sub- 
ject, a hearty and usually efficacious effort in the right direction is made, 
and frequently with excellent results'. But I regret to say that in too many 
instances, due possibly to the necessity for reduced expenditures or a belief 
that the job is finished, there has been a discontinuance of the course that 
brought about improved conditions, with the natural consequence of a 
return to the previous state of inferior braking. I believe it is becoming 
more evident to all those interested in the subject that a high brake 
efficiency is of great commercial value, but if it is to be secured and 
preserved, it is essential that adequate air brake departments should be 
established and maintained, competent to both care for the apparatus 
and educate men to its proper use. 
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The CHAIRMAN — We might carry on this discussion for another 
hour with pleasure and profit, but it is growing late, and I will ask Mr. 
Turner if he wishes to say a word in conclusion. 

MR. TURNER — T just wish -to say that I hope there is no une here 
who will omit to read the section of the paper which treats of " Braking 
Power and Wheel Sliding." In that you will find we state the reason 
why we can use as much as five or six hundred per cent, braking power 
without sliding the wheels and also explain why this great braking power 
does not result in sliding wheels as we approach the end of the stop. 
That is a most important chapter as far as the technical or safety side 
of the brake is concerned in the paper, and I am sorry I did not have 
time to read that particular chapter. 

In regard to the point made by Mr. Burton as to the length of the 
stops, I may only say that these tests were made on the same train, 
the triple valves only being changed, using the braking power employed 
by the road generally. We did not increase it, as we would have done had 
we desired or concluded to make as short a stop as possible. The tests 
were simply to show the comparative stops under the service conditions 
as they were found and were not by any means intended to show in how 
short a distance the train could be stopped. As to the relative efficiency 
of the two equipments, however, the results are strictly comparative. 

Mr. Albers raised a question about locomotives. I may say it is an 
unsolved problem, just what to do with the locomotives. It is doubtless 
true that the heaviest vehicle in the train should be the most effectively 
braked, yet you will see in the paper that the locomotive will run almost 
twice as far as a car when cut loose. 

As regards the statenient that the management gives more attention 
to the painting of the cars than to the air brakes, I would say that Mr. 
Hedley is different from some railroad managers in this respect, for I 
know that he has given a vast amount of study to the subject of train 
braking, and he certainly has the safest and best equipment anywhere in 
this vicinity on his lines; therefore I wish to remove any wrong impres- 
sion Mr. Hedley may have regarding all managers being more careful 
of the paint on the cars than they are of the brakes. (Laughter and ap- 
plause.) 

The CHAIRMAN— On behalf of the Club and its officers I wish to 
thank Messrs. Turner and Dudley for the papers they have presented this 
evening, as well as those of our members who by their discussion have 
contributed to the development of this very interesting topic. The next 
m order is the election of the members proposed at the meeting of March 
19th. The number is sixty. It has been regularly moved and seconded 
that the secretary cast one ballot for their election. The secretary in- 
forms me that that has been done, and they are declared duly elected. 
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WHAT STOPS A MOVING TRAIN? 

By S. W. Dudley. 

(Reprinted frotji the Official Proceedings of the Western Railway 
Club, May 15, 1906.) 

You are, doubtless, most of you, familiar with that picture of the first 
railroad train, drawn by Stephenson's wonderful locomotive, with its 
barrels of wood fuel on the tender and the stage-coach-like wagons in 
which the complacent passengers were without doubt congratulating them- 
selves on the enjoyment of the most rapid form of locomotion possible 
to man. This locomotive was furnished with a steam driver brake, in 
principle much like the cam brake still used. The coaches had no brakes 
at all, or hand brakes of the simplest form. And these means were 
probably ample to meet the requirements of what was then considered 
a dangerous service. 

As the growth from these small beginnings continued, hand brakes on 
each car were found necessary, and for a long time such brakes, whic . 
could be applied with sufficient power to slide the wheels, if desired, were 
accepted as a sufficient and satisfactory means of controlling trains. For 
after the brakes had been set hard enough to cause the wheels to slide, 
what more, indeed, could be asked? 

The next step was to put the means for operating the brakes on all the 
cars in the train into the hands of one man, namely, the engineer, which not 
only placed the complete control of the train where it naturally belonged, 
but made possible a much more prompt and effective operation. Devices, 
such as chains or ropes, extending through the train, were tried, but these 
were soon displaced as the advantages of compressed air became knowr. 
In compressed air the engineer was, in effect, furnished with a powerful 
spring, which he could apply at will, through the necessary brake gear to 
the brake shoes throughout the train, and allow the force which it pos- 
sessed by virtue of its compression to act upon the wheels in such a way 
as to stop their rotation. 

We need not dwell upon the early forms of straight air brakes by 
which this method of control was accomplished. As you all know, the 
system had two important defects, which, as trains grew longer and 
heavier, and speeds higher, became prohibitive. These were the necessary 
slowness of its operation and the complete loss of braking power which 
would result from a rupture of the pipe connections. These two impor- 
tant safety features being absent, the further progress of train operation 
was accompanied by such risks as we're practically prohibitive. 

But this condition did not exist for long. The automatic air brake 
soon appeared. This was not only a great improvement over the older 
methods in points of rapidity and uniformity in the application of the 
brakes, but was a long step in advance as a safety appliance, the brakes 
being applied automatically by any accident causing a break in the piping 
system. 
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This was the last radical change in the principles of brake operation. 
Since then the improvements have been along the line of increasing the 
rapidity power and flexibility of operation of this automatic system, 
examples of which are thoroughly familiar to you all in the quick-action, 
high speed, and the more recent quick service, graduated release and quick 
re-charging air brake systems. 

It might be noted in passing that the quick action automatic brake 
appeared just after the extensive series of air brake tests made by the 
M. C. B.. Association at Burlington in 1886 and 1887, which had resulted in 
a decision that the operation of train brakes by compressed air, as then 
accomplished, was attended by such limitations in point of rapidity of ap- 
plication as to make the handling of fifty-car trains without danger to 
lading or equipment almost an impossibility. In spite of the natural 
reluctance of railroad men to adopt electrical control of the brakes, it 
was almost generally conceded that this was the only solution of the 
problem. How well it was solved without departing from purely pneu- 
matic operation you well know. The improvements which have followed 
may seem of less importance, but a stage in the art of train operation 
has been reached, where the slightest gain in power, speed, safety, or even 
convenience of operation counts for much, and is sought after with cor- 
responding energy. 

For a proper appreciation of the fundamental laws which govern any 
given operation, and in order to approach intelligently new problems which 
may present themselves as conditions change, it is always profitable to 
" take account of stock," and arrange in as orderly a fashion as may be 
the facts concerning the question in hand with which we are familiar. It 
was with this in mind that the paper which I am honored in being per- 
mitted to present before you this evening was written. It is an attempt 
to express and illustrate certain physical laws, particularly those relating 
to friction, as clearly and concisely as possible, and to apply them to a 
study of the phenomena observed in the stopping of a train. Much which 
follows may seem to most of you elernental, but your patience with this 
is craved for the sake of the clearness of treatment which it is hoped 
will be gained thereby. 

When a train is brought to rest from a high speed the statement 'u 
often made that the brakes have stopped the train. And they have cer- 
tainly had something to do with the stopping of the train, for without 
them the length of stop would undoubtedly have been somewhat longer. 
But there are many factors which enter into the operation of bringing a 
moving train to a standstill beside the brakes themselves. Some of these 
other factors are at once apparent when the problem is given thought, but 
some are not so evident. 

First, it must be thoroughly understood that one, and only one, funda- 
mental cause brings a moving train to rest. This is friction. Now the 
friction concerned in stopping a train is by no means confined to one 
place. We have friction between the moving parts within the train itself, 
between the train and the atmosphere (and this is astonishingly great at 
high speeds), between the brake shoes and the wheels, and between the 
wheels and the rails. 
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Let us consider the latter for a moment. It is this friction, between 
the wheels and the rails on which they roll, which is really the most im- 
portant factor of all. Very often, however, it is entirely overlooked, and 
we say, " The brakes stopped the train." But suppose, for example, that 
there is absolutely no friction between the wheels and the rails. This may 
be easily imagined by supposing the rails to be made of ice. Would any 
amount of brake shoe pressure bring the train to a stop quickly? 

Before going further it will be of advantage to review some of the 
laws of friction, and then see how they apply to the case in hand. 

In the first place, friction is the name given to that property of the 
surfaces of all bodies which resists the motion of one surface along an- 
other. Friction resists motion, and frictional resistance must, therefore, 
act in a direction opposite to the motion which exists, or would exist, 
were there no resistance to motion. We know that a block of iron may 
be slid along the polished top of a table easier than if the table were 
covered with coarse sand-paper. Furthermore, we know that if the table 
were covered with a thin film of oil, it would be easier still to move the 
block. And again, it would be easier to move a block of ten pounds 
weight than one weighing 100 pounds. So we see that the force required 
to move the block depends upon the nature of the surfaces in contact and 
the weight to be moved. If we have a block weighing 100 pounds in the 
form of a cube four feet on an edge, it will be no easier to move, other 
things being equal, than a cube ten feet on an edge and weighing the 
same amount. In other words, within certain limiits the area of the sur- 
faces in contact has no effect upon the amount of force required to 
slide the surfaces relatively to each other. When we deal with extremely 
heavy pressures per unit of area, the crushing strength of the material may 
be exceeded, and the nature of the surfaces in contact changed. In such 
cases the friction between these surfaces is correspondingly changed. 
Again, under very light pressures, we find that the force required to 
cause motion does depend upon the areas in contact. In such cases ad- 
hesion constitutes the larger part of the force which resists motion. A 
familiar instance of the force of adhesion is the resistance offered to the 
separation of two very smooth and plane surfaces, especially if well oiled, 
after having been pressed together. This resists the pulling apart of the 
surfaces as well as the sliding of one along the other, and depends largely 
on the area of the surfaces in contact. 

To return to our block weighing 100 pounds, we notice that when we 
move it along the table it is easier to keep it going, after it is in motion, 
than it was to start it. Suppose a force of thirty pounds pushing on the 
block is required to just move it. After it has been started, a force of, 
say, twenty pounds may be sufficient to keep it in motion. The only dif- 
ference in the two cases is that at first the block was at rest, while now 
it is in motion. It is plain that there must be a difference between the 
friction of rest and the friction of motion and consequently the former 
is known as s'tatic friction and the latter as kinetic friction. 
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We have seen that thirty pounds or the weight of the block multiplied 
by 0.3 was just able to move it. The number (0.3) is called the coefficient 
of friction, which we may define as the proportion or percentage of the 
weight or (where the two surfaces are held together by external pres- 
sure, as in the case of a brake shoe and wheel) of the force acting, which 
must be exerted in order to just overcome the frictional resistance. A co- 
efficient in general is a number, con.stant for a given substance or condi- 
tion and used to multiply one factor under consideration in order to ob- 
tain another desired factor. In the case of the block under consideration, 
a force of thirty pounds was required to overcome the frictional force 
resisting motion, and move the weight of 100 pounds. We see at once 
that to get the force of friction, we must, in this case, multiply the weight 
acting by 0.3 ; 100 x 0.3 == 30 pounds. Here, then, we call the number 0.3 
the coefficient of friction, and 30 pounds the frictional resistance or 
force of friction. In the above instance 0.3 is the coefficient of Static 
Friction and 0.2 the coefficient of Kinetic Friction. The general rule 
may then be expressed thus : 

Weight or force acting x coefficient of friction = force required to 
just move or just keep in motion, according to which coefficient is used. 

The coefficient of friction is different for different materials in con- 
tact, and for different conditions of the same surfaces in contact. Sup- 
pose the table to be covered with coarse sand-paper. It may take a force 
of so pounds to move the block. The coefficient of friction is then 0.5 
On the polished surface it took 30 pounds, the coefficient of friction be- 
ing then 0.3. If we thoroughly grease the top of the table a force of 20 
pounds may be sufficient to move the 100 pound weight. The coefficient 
of friction is then 0.2. So the coefficient of friction and, consequently, 
the frictional resistance, varies with the nature and condition of the sur- 
faces. This is by far the most important and firmly established of the 
laws of friction, and has been reviewed, perhaps at undue length, in order 
that the fundamental principles involved in what follows may be con- 
stantly kept in mind. 

The case of a car wheel rolling on a rail is slightly different from 
that just referred to, but we may consider that the point in contact with 
the rail is, at that instant, at rest so far as the rail is concerned. For, at 
each successive instant a new portion of the tire comes in contact with the 
rail. This part of the tire surface, for the moment during which it is on 
the rail, is not moving with reference to the rail. Consequently, the fric- 
tion which prevents the wheel from sliding along the rail is not the fric- 
tion of motion, but the friction of rest; that is, between the wheel and 
the rail we have to do with static friction. This may be most clearly 
seen in photographs showing a wheel rolling along the ground or on a 
rail. The part of the wheel near the point of contact with the surface 
over which it rolls is clearly and sharply defined, while the upper part of 
the wheel is blurred, showing that the point in contact with the ground 
or rail was at rest relatively to the camera. 
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The case is different when we come to the brake shoe, for here the 
wheel is always moving on the brake shoe, and we have always to do with 
the friction of motion or kinetic friction. As we have just seen the 
coefficient of friction in this case is always less, and as a rule it is very 
much less, than the coefficient of static friction. 

We now approach the question of wheel sliding, and for a thorough 
comprehension of this a careful analysis of what occurs must be made 
.step by step. 

Suppose the brakes to be applied with a light pressure. This pressure 
multiplied by the coefficient of friction (kinetic) between the brake shoe 
and wheel gives the frictional force acting with a tendency to stop the 
^o^ation of the wheel. But the weight on the wheel multiplied by the static 
coefficient of friction between wheel and rail gives the frictional force 
resisting the tendency of the wheel to stop rotating, or, as we say, slide. 
A little thought will make it clear that as we increase the pressure on the 
brake shoe the frictional force tending to stop the rotation of the wheel 
increases, and that this increase in retarding frictional force will con- 
tinue, as the pressure is increased, until the point is reached where this 
frictional force at the shoe becomes equal to the frictional force (static) 
between the wheel and the rail. Then the slightest increase in brake shoe 
pressure makes the frictional force acting to stop the wheel rotating the 
greater, and naturally it must then stop rotating. The condition of 
things is now entirely changed. The wheels are locked and are sliding 
along the rails. What have we now between wheel and rail? Evidently 
sliding or kinetic friction, where before it was static friction. 

But we have just seen that up to the point of sliding a retarding force 
was being exerted by the brake shoes, which, when the point of sliding was 
reached, equaled the static frictional resistance between wheel and rail. 
Now, with the wheels sliding, a retarding force is being exerted only be- 
tween the wheels and rails, equal to the kinetic frictional resistance be- 
tween the wheels and the rails on which they slide, which, as we have al- 
ready seen, is very much less than is the case when the wheels roll without 
sliding. Therefore, our retarding force is greatly decreased by the slid- 
ing of the wheels and the distance required in which to make the stop is 
correspondingly lengthened. We have thus arrived at the answer to the 
question so often asked, " Why is the distance traversed in stopping a 
train so greatly increased if the wheels slide during the stop, instead of 
continuing to roll ? " It is plain that if the brakes are to be most effective 
in bringing the train to a stop the wheels must not slide ; and the greater 
the resistance to sliding, due to the friction between the wheels and rails, 
the greater is the retarding force which may be exerted at the brake shoe 
and the shorter is the stop. 

Another point frequently misunderstood or lost sight of is the rela- 
tion between the brake shoe pressure and the weight carried by the wheel 
on which it acts, and in particular the amount of brake shoe pressure re- 
quired to slide a wheel. In order to avoid complications let us imagine 
the wheel to slide at once, that is, as soon as the pressure is applied. 
What relation existed between the forces at the instant of sliding, or, in 
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other words, what made the wheels slide? The fact is that THE 
WHEELS SLIDE BECAUSE THE WEIGHT ON THE WHEEL X 
COEFFICIENT OF FRICTION (STATIC) BETWEEN WHEEL 
AND RAIL IS LESS THAN THE PRESSURE ON THE BRAKE 
SHOE X COEFFICIENT OF FRICTION (KINETIC) BETWEEN 
THE SHOE AND THE WHEEL. They do not slide because of the 
coefUcient of friction alone, or because of the pressure alone, but ac- 
cording to the product of these two, namely, the total frictional force, is 
greater at the shoe than at the rail. Let us take an example which will 
illustrate just what is meant. 

Suppose we have a car weighing 80,000 pounds having four wheel 
trucks. Each wheel supports a load of 10,000 pounds. An average value 
for the static coefficient of friction between the wheel and rail under 
ordinary conditions is .20. It may run as high as .30 or as low as .15, 
according to the condition of the rail. Calling the coefficient of friction 
.20 the total frictional resistance to sliding between wheel and rail is 
10,000 X .20 or 2,000 pounds. This is then the force which must be over- 
come if the wheels are to be made to slide. 

At 60 miles per hour the coefficient of friction between brake shoe 
and wheel is about .07. Suppose the braking power on our 80,000 pound 
car to be 90 per cent, of its weight. We have then a total braking power, 
in pounds, of .90 x 80,000, or 72,000 pounds, which gives a brake shoe 
pressure for each shoe, there being 8 shoes of 72,000 -^ 8 = 9,000 pounds. 

Thfe retarding frictional force is then, as we have seen, the pressure 
X the coefficient of friction, or 9,000 x .07 = 630 pounds. We have then 
630 pounds acting to stop the rotation of the wheel and 2,000 pounds 
acting to prevent it from being slid. We shall expect it to continue to 
revolve under these conditions, and for some time; in fact, until the 
condition of 630 pounds trying to overcome 2,000 pounds changes ma- 
terially. 

But it is asked, " What changes must take place in order to .slide the 
wheels? and what changes of condition can take place?" From what 
has been said it is plain that the wheel can only slide when the total 
frictional force between brake shoe and wheel exceeds that between 
wheel and rail. Notice the expression " total frictional force," not " co- 
efficient of friction." This is the one necessary and sufficient condition 
required to slide the wheel. Two possibilities are evident. The friction 
between the wheel and rail may decrease, which would occur if the wheel 
should suddenly come upon a greasy rail surface or if the pressure on 
the wheel is relieved due to the tilting of the car body, truck or similar 
causes, and cause the wheel to slide. Such cases will not be considered, as 
we assume a straight, level track with a uniform condition of rail sur- 
face. The only place left where any change may occur is between the 
brake shoe and wheel. To this then we must confine our attention. To 
slide the wheel, then, the total frictional force between brake shoe 
and wheel must increase until it becomes greater than that between the 
wheel and the rail, as has been already explained. This can occur in only 
two ways. Either the brake shoe pressure must increase or the coeffi- 
cient friction (kinetic) between brake shoe and wheel must increase. 
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Taking the case cited above, if we consider .07 as the coefficient of 
kinetic friction at 60 miles per hour, the b^ake shoe pressure required to 
slide the wheel would be 2,000 -h .07, or . approximately 28,500 pounds. 
This means a braking power, total, of 28,500- x 8=228,000 pounds, which is 
285 per cent, braking power. Yet an 80,000 pound car can hardly be 
found braking at over 90 per cent. Apparently we might increase our 
braking power very considerably and still be in no danger of sliding the 
wheels. 

But this is only half the story. We have seen how much the brake 
shoe pressure must be increased before sliding will occur. On the other 
hand, the coefficient of friction may increase, and so the wheels be slid, 
even with the same brake shoe pressure as before' of 9,000 pounds. In 
order to do this the coefficient of friction must be equal to 2,000 h- 
9,000, or .22. This may seem large when compared with .07, the average 
value for a speed of 60 miles per .hour, but the fact has now become well 
established that the coefficient of kinetic friction between brake shoe and 
wheel is very different at different speeds.- At 60 miles per hour the 
average value for this coefficient of friction is about .07, while at 30 miles 
per hour it is about .16, and at 10 miles per hour, about .24. We can 
now see what would happen in the case we have been considering. Al- 
though at the start, running 60 miles per hour, we had only 630 pounds 
retarding force attempting to overcome 2,000 pounds tending to prevent 
sliding (often called the "adhesion" of the wheel to the rail), yet at 
ID miles per hour we would have 9,000 x .24 or 2,160 pounds retarding 
force at the brake shoe, which is more than enough to slide tlie wheels. 

So we may not hasten to increase our brake shoe pressure or 
per cent, braking power without careful consideration. And upon inves- 
tigation we do find still further factors which have an influence tending 
to modify this rapid increase in coefficient of friction due to decreasing 
speed. These may be briefly comprehended in the term, " the time ele- 
ment." While it is impossible to go fully into the interesting and compli- 
cated changes which the friction between the brake shoe and wheel 
undergoes during the time in which the surfaces continue in contact it may 
be said that tests have fully demonstrated that the heating, wearing away 
and polishing of the surfaces in contact have, as time goes on, a con- 
stantly increasing influence tending to reduce the coefficient of friction ; 
the lubricating effect of the molten particles, the roller-like action of the 
larger particles which become torn off during violent and prolonged 
rubbing, and the smoothing and polishing of the surfaces, where melting 
or abrasion does not take place, all these tend to off-set, and may often 
considerably reduce the tendency for the coefficient of friction to in- 
crease as the relative speed of the two surfaces in contact diminishes. 
The retarding effect of the brake shoe pressure at any instant depends, 
therefore, on the sum total of these opposing influences at that instant. 
Numerous experiments which have been made along this line show that 
under ordinary conditions the increase in coefficient of brake shoe friction 
and consequent increase in retarding force, which takes place as the 
speed is decreased, is the predominating influence, and that the retarding 
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effect of a given brake shoe pressure increases, as a whole, as the speed 
diminishes. But recent tests have further demonstrated that this in- 
crease in retarding force, due to the increase in the coefficient of brake 
shoe friction as the speed decreases, is considerably less than has here- 
tofore been supposed, and that under modern conditions of heavy pres- 
sures per square inch of brake shoe surface, high speeds, and so on, the 
" time element " effect may become equal to and thus neutralize the in- 
crease in the coefficient of friction due to decreasing speed. Under such 
conditions the coefficient of friction is the same at the end as at the be- 
ginning of the stop. This is modified by the degree of hardness of the 
brake shoe. 

Having thus far been concerned with the kind of forces which operate 
to bring a moving train to a standstill, and the ways in which these forces 
act to produce the desired effect, it now remains to obtain some idea of 
the magnitude of the forces involved. This may be done by simple, yet 
exceedingly instructive consideration of the energy created and destroyed 
in the process of bringing a train up to speed and in making a stop. 
First, what must be done before a train can attain a speed of, say, 65 
miles per hour? 

We know that all matter is, as we say, inert ; that is, it has no power 
of itself to change its state, either of rest or motion. A stone will 
always remain where it lies, unless some force from the outside acts upon 
it and overcomes its natural or inherent tend^ency to remain wifhout 
motion. Furthermore, a stone thrown into the air would go on forever 
were it not for external forces, such as the attraction of the earth, air 
resistance, or obstructions which may be in its path, which retard and 
finally stop its motion. This property of matter to remain at rest, if at 
rest, or to continue to move uniformly, if in motion, has been universally 
recognized as something as definitely a characteristic of all material 
bodies as is size, mass or hardness, and it is called the inertia of the body. 

To start a train then its inertia must be overcome, and in addition the 
very considerable frictional resistances between the moving parts within 
the train itself. Having the train once in motion a constantly increasing 
amount of force is required in order to continue to increase its speed, 
for we have just seen that instead of continuing to move uniformly the 
air and other frictional resistances would all tend to decrease its speed. 
All of the force which is required to overcome these resistances, and, in 
addition, constantly increase the speed of the train until it is moving at 
the rate of 65 miles per hour must come from the steam in the locomotive 
cylinders. Some of the energy developed here has disappeared in the 
form of heat, but the rest has been put into the train, constantly adding 
to its store of energy, until at 65 miles an hour the train has stored up 
within itself an amount of energy equal, in destructive power, to that 
contained in a huge magazine of gunpowder. Any one who has wit- 
nessed the effects of a " head-on " collision; even at slow speed, will bear 
witness to the truth of this statement. 
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In round numbers a train of five cars moving at the rate of 65 miles 
an hour possesses 150,000,000 foot pounds of energy, and if run against 
a solid wall the resuh would be the same as if it were allowed to fall to 
Ihe earth from a height of about 150 feet. 

But such a stop would not be considered as according to the best 
recommended practice, and as speeds of 65 or even 70 miles an hour are 
becoming by no means rare, some knowledge of how we may safely 
com* to a stop is not only interesting, but of vital importance. 

Let us imagine the train, moving as described above, to be stopped 
within say 1,400 feet. About 150,000,000 foot pounds of energy have been 
dissipated, harmlessly, and almost without the notice of those within the 
cars. Evidently some very powerful force has been at work to do this, 
and, as we have already seen, this is the force of friction. The natural 
frictional resistances of the air and the moving parts within the train 
would certainly have stopped the train in time, but it is plain that some- 
thing more than these is required if a stop within any reasonable dis- 
tance is to be made. The natural frictional resistances to the motion of 
the train are, therefore, artificially increased in such a case by means of 
some form of brake apparatus. 

The power which is thus exerted may be roughly measured by the dis- 
tance within which the moving train is brought to rest and its energy de- 
stroyed. In such a stop as described above more power has been used than 
the heaviest locomotive ever built is capable of exerting. The truth of this 
statement is evident when we remember that from five to six miles is re- 
quired, even under the most favorable circumstances, for a locomotive to 
bring such a train up to a speed of 65 miles per hour, while the stop may 
be made within 1,400 feet, which is about 1-19 of that distance. Of course 
the frictional resistances existing outside of the brakes hindered the loco- 
motive in accelerating the train and assisted the brakes in reducing its 
speed, but after all allowances are made it is clearly evident that the brakes 
have acted much more powerfully in stopping the train than did the loco- 
motive in starting it. And this is just what we should expect when we 
remember that only one unit, namely, the locomotive, is concerned in 
starting the train, while not only the locomotive, but every car in the 
train is concerned in making the stop. 

To start the train the total force exerted by the engine on the train at 
any time cannot exceed the frictional force between the driving wheels 
and the rails, sometimes called '' adhesion,'' otherwise the drivers would 
slip and simply turn without moving the train ahead. Evidently this 
" adhesion " depends upon the weight on the drivers and the static co- 
efficient of friction between the drivers and rails, just as in the case of the 
car wheel already considered. But when we make a stop each wheel in 
the train, as we have seen, may be retarded up to the limit set by the 
frictional resistance to motion between that particular wheel and the rail. 
Consequently, assuming that the coefficient of static friction between 
wheels and rails is the same throughout the train, the retarding power 
may be proportional to the weight of the entire train, while the accelera- 
ting poweT depends upon the weight on the engine drivers alone. This 
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explains at once the advantages of a multiple driving unit system, such as 
a train of all motor cars, as compared with, the single driving unit sys- 
tem of locomotive and train. In reality, when the brakes are applied 
upon a moving locomotive and train the system is changed from a single 
accelerating unit to a multiple retarding unit system, which is much more 
powerful in the aggregate, as we have just seen, than is the former. 

These are, it is believed, the most important of the fundamental 
principles upon which all correct reasoning in regard to the mechanical 
operation of trains must be based. Broadly stated, these principles reduce 
to the laws of friction and inertia, which act together to oppose any ex- 
terior force tending to produce motion from an original state of rest, 
or an increase in the speed of motion already existing, but which are 
opposed to each other as soon as the motion becomes constant or is 
retarded, in which cases friction tends to prevent the constant and uni- 
form motion, which otherwise would exist, due to inertia. While an 
exhaustive or detailed treatment of the subject under consideration has 
not been attempted, and would not be profitable within the limits of a 
paper of this character, still it is hoped that, the fundamental principles 
involved have been stated and illustrated with sufficient clearness and ac- 
curacy to enable any one interested in this subject to be assured of the 
foundations upon which his reasoning must be based. Beyond this he must 
rely upon his own accuracy of observation and deduction to carry him 
through to the complete and correct solution of whatever problem of this 
character he may be called upon to solve. 
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BRAKE OPERATION AND MANIPULATION IN GENERAL 

FREIGHT SERVICE, WITH A REVIEW OF SOME 

OF THE CAUSES AND CONDITIONS WHICH 

PRODUCE SHOCKS AND BREAK- 

IN-TWOS. 

By W. V. Turner 

In the design of any brake equipment the starting point is al- 
ways the weight of the vehicle to which the brake is to be applied. 
Given the weight of the vehicle, the problem then reduces simply 
to choosing the proper size brake cylinder which, with a predeter- 
mined maximum brake cylinder pressure and leverage ratio, will 
give the desired percentage of braking power. The process is 
clearly a simple one when applied to any given car and the method 
of procedure applied to cars of various weights will insure uni- 
formity of results. However, it must necessarily follow that a 
brake equipment designed in this way for one car will not be proper 
for another car of a different weight from the first. The greater 
the difference in the weights of the cars, the greater will be the 
difference in the equipments required. 

Underlying this proposition are fixed principles to which we 
must work if the best results are to be obtained, and once a set is 
determined upon for any design they must be continued as uni- 
formity is fundamentally important. Of course, it must not be 
understood that departures from a proper basis will render a de- 
sign inoperative, but it will not be as good as it should be in in- 
creasing proportion as it departs from the true starting point. 

First : The thing to be fixed upon is the percentage of braking 
power permissible. 

Second: The cylinder pressure to be used as a basis for cal- 
culation. 

Third : Either the leverage or the size of the brake cylinder to 
be used. 

(If the size of cylinder is determined upon, this will fix the lever- 
age; if the leverage is determined upon, this will fix the size of 
cylinder.) 
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Regarding the first consideration namely, percentage of braking 
power, experience has confirmed that 70 per cent of the Hght 
weight of car on 60 pounds cyUnder pressure (60 per cent on 50 
pounds cylinder pressure) is the practically perfect basis for a 
freight car, and for reasons that are too obvious to require state- 
ment; but it should be added that reason confirms experience. 

Regarding the second: This is important in two respects 
1st, that it must be an obtainable' pressure, 2nd, that it is univer- 
sally applicable and adopted. 

Regarding the third: This resolves itself into the question of 
how many times the cylinder power can be multiplied in a prac- 
tical way, and is determined by the possible "lost motion" of the 
car, and the permissible increase of piston travel due to shoe wear, 
as the greater the number of times the cylinder value is multi- 
plied, the more quickly will shoe wear lengthen the travel of the 
brake piston. 

With the exception of the strength of materials, no other factors 
enter into the design, but those cited are vital and must be con- 
sidered, and cannot be slurred over, nor can any one of them be 
omitted from the consideration and allowed to fix itself, for all 
others are so intimately related that they may be termed the one 
law of brake design. 

It is often thought that an increase or decrease of the brake 
pipe pressure carried affects the design, but this is not the case, 
as this will only increase or decrease the braking power in an exact 
ratio to the change of pressure. 

Assuming that sound principles and good judgment have been 
employed in designing the fixed apparatus of an air brake, namely, 
the triple valve, reservoir, brake cylinder, etc., and that these 
operate perfectly as individual units, (particularly in the labor- 
atory where no moving vehicles are to be considered and, con- 
sequently, neither variations in power developed in the different 
cylinders, nor difference in time complicate the results of manip- 
ulation). It is necessary before discussing the actual manipula- 
tion of the brake to point out some of the factors which affect the 
operation and the manipulation of the brakes on the train as a 
whole. These may so change the original design as to make smooth 
operation and manipulation impossible. It appears to be thought 
by many that the brake being automatic in its action should also 
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be automatic in compensating for any lack of knowledge or for 
neglect on the part of those who use it, but this is not the case, 
and is as impossible of accomplishment as to run a locomotive with- 
out steam. The operation of the brake is according to fixed laws 
and conditions over which the engineer of all men has the least control. 
As an elaboration of the principal factors involved would take 
up more time than has been at my disposal since being called upon 
to give this paper, and, undoubtedly, more than is at our disposal 
this evening, I cannot do more than state them and summarize the 
effects. 

Percentage of Braking. 

First: The percentage of braking power, so called. This has 
ususally been figured at 70 per cent on the light weight of the car, 
and this is certainly sufficient for the car when empty, but mani- 
festly is reduced for the load in ratio to the difference in the weight 
of the car when empty and the car and load together. For example : 
if the braking power of a 40,000 pound car of 100,000 lbs. capa- 
city is 70 per cent when empty, it will be less than 19 per cent 
when loaded, and this for emergency applications. 

Pressure. 

Second: The cylinder pressure obtained in the designs. This 
is supposed to be uniform for any given reduction and if the proper 
cylinder volume is maintained, it will be approximately so, but 
if the cylinder volume varies on the different vehicles, the pres- 
sure obtained will correspondingly vary, being less than nor- 
mal for increase of volume and greater than normal for decrease 
of volume. Moreover, it is intended in the design that a low cyl- 
inder pressure be obtained for light reductions and a high cylinder 
pressure for heavy reductions, and this is the natural result, but 
lack of maintenance often brings about the opposite to this, for 
if the cylinder volume is small, a very high pressure will be ob- 
tained with comparatively light reduction, while a low cylinder 
pressure will be obtained for a heavy one in a cylinder having a 
long piston travel, and to avoid the results contingent upon this 
requires a knowledge of conditions and the exercise of a judgment 
possessed only by the few. 
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Piston Travel. 



Third : Piston travel is such a factor in brake operation that 
its variation varies every operation of the brake as far as the devel- 
oping power is concerned, for not only is the piston travel respon- 
sible for the variation ia the cylinder pressure pointed out above, 
but it also varies the time required to obtain the braking power 
expected to be developed from a given brake pipe reduction. 
In other words, it is possible to obtain several times the braking 
power on one car as compared with another, due only to variation 
in piston travel, and it does not require a very vivid imagination 
to picture what this means to brake manipulation as far as pro- 
ducing shocks are conoerned and it will also be seen that this is a 
factor over which the engineer has absolutely no control. More- 
over, this variation in piston travel may be such as to entirely 
change the percentage of braking power expected to be obtained 
from the design for a given reduction, thus causing excessive 
braking power on some cars and too little on others, which is both 
prolific of shocks, due to surging, and of flat wheels, due to cars 
being dragged or bumped "off their feet." 

Time. 

Fourth: The time element is a very serious factor as affecting 
both the application and release of the brakes. In applying the 
brakes the starting takes place very quickly throughout a short 
train, therefore, there is no running in or out of slack, and, con- 
quently, little or no shock, but in the long train, there is a con- 
siderable interval of time between the starting of the brakes on the 
head end and rear end of the train. In fact, the brakes on the head 
end may have fully applied for the reduction before they commence 
to apply on the rear end of the train, and unless great care and judg- 
ment is exercised to prevent bunching of the train, very serious 
results are likely to occur when the brakes apply at the rear and the 
reaction of the draft gear can stretch the train. Again, the rise of 
cylinder pressure is very different in the long train than in a short 
one, for the cylinder pressure cannot rise at any greater rate than 
the brake pipe pressure is being reduced and as this varies with 
the length of train, particularly at the rear end, it will be seen 
that the time factor must be considered with every brake mani- 
pulation. 
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The difference in and effect of time as affecting brake applica- 
tions are graphically illustrated by Figs. 1 to 9, inclusive, of the 
Appendix, in which also some of the characteristics of curves are 
pointed out. 

As to the release of the brakes, the time element also must be 
taken into account, for, obviously, there must be an interval of 
time between the release of the brakes at the head and rear end. 
This is certain even where the reduction has not been made below 
the equalizing point, but when the equalizing point has been passed, 
this aifference is increased to such an extent that the engineer 
very often opens the throttle and accelerates the head end of the 
train while retardation is still taking place at the rear, and this 
even after he has thought he had allowed time enough. If it is 
important that the train be stretched before brakes are applied, it 
is doubly so before the brakes are released. 

The difference in and effect of time as affecting the release of the 
brakes are graphically illustrated by Figs. 11 to 15, inclusive, of 
the Appendix, in which also some of the characteristics of the curves 
are pointed out. 

Loads and Empties. 

Fifth: Perhaps the most serious factor involved in freight 
train control is that arising from hauling loads and empties mixed, 
and this without considering any of the other factors enumerated 
above, but when considered in conjunction with them, the situa- 
tion is certainly more serious than most people seem to think. As 
was pointed out, the braking power varies inversely, as the load 
and as the cars are now designed to carry about three times their 
weight, it will be seen that while the brake shoe pressure remains 
the same as for the light car the percentage of braking power, so 
called, to weight, has been reduced to one-fourth of what it was or 
is on the light car. If now we consider what must be the result 
of difference in cylinder pressure obtained and the time in which 
it is obtained on the empty and loaded car, it will be seen that 
with the present equipment, the only salvation against shocks and 
break-in-twos is (1st) to keep the train stretched — (2nd) to make 
at least initial reduction light in order that only a low power will 
be developed until the slack has adjusted itself — and (3rd) under 
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no circumstances to release the brakes, unless the slack condition 
of the train permits, until a stop be made. The usual custom is to 
haul the loads ahead and the empties behind and this is certainly 
more proper than hauling the empties ahead and the loads behind, 
for in case of a shock, with the empties behind, the result is at 
worst a parting of the train, while with the loads behind, the re- 
sult is a buckling, which will be disastrous, particularly on par- 
allel track roads. A better method of hauling loads and empties 
in the same train is to alternate them; thus avoiding great differ- 
ences of braking power, due to variation in weight of train at any 
section of the train. This, however, involves switching, etc., which 
renders such a method impracticable. A better method still is to 
haul loads and empties in different trains. This again is im- 
practicable on many roads. Thus, the proposition reduces to one 
of proper inspection and maintenance, instruction and discipline, 
which involves considerable intelligence and experience, or failing 
this, the proposition reduces to a cheerful acceptance of the conse- 
quences. 

For a graphical illustration of conditions existing by reason of 
loads and empties, long and short piston travel and differences in 
"braking power" designs, see Fig. 16 of the Appendix. 

It will be seen that all these factors are so intimately related 
that one involves the other to a considerable degree with the pos- 
sible exception of loads and empties. Therefore, any neglect of 
one affects the other and conversely any great thought or consider- 
ation of the one improves the other. This relationship existing and 
time being limited, it will probably serve the purpose to consider 
two of these factors only at greater length, namely. 

First: As to piston travel. 

Second; As to braking power most desirable for freight cars 
under present operating conditions. 

Piston Travel. 

Piston travel may be divided into theoretical (under certain con- 
ditions Standing Travel closely approximates the theoretical travel) 
and actual travel (as under running conditions the travel differs 
from that obtained when the vehicle is standing) . The theoretical 
travel is that which the brake cylinder piston is allowed to move in 
order to give proper shoe clearance, plus the movement due to the 
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necessary diti'erence between the diameter of the pins and holes. 
Thus the theoretical travel equals the shoe clearance times the total 
leverage plus the travel due to difference in the diameter of the pins 
and holes. 

The actual travel is comprised of the above plus that resulting 
from lost motion due to loose fitting brasses, play between boxes 
and pedestals, brake beam deflection and unusual temporary 
strains; in fact, to anything that produces or increases lost motion. 
I wish particularly to call attention to the practice of hanging brake 
beams from what amounts to a spring suspension, that is, to the 
car body or the truck frame above the springs. In such cases the 
shoes are drawn toward the rail by the pull of the wheel with conse- 
quent lengthening of piston travel. This is a most serious evil 
and where it exists the piston travel must be quite frequently ad- 
justed to compensate for shoe wear, or the brake piston will strike 
the cylinder head; and in any case where excessive "false" travel is 
likely to develop a very low ratio of leverage should be employed. 
The difference between the actual and the theoretical travel is 
erroneously called "false" travel, which, serious as it is, receives 
less consideration than any other thing in car design, 

The theoretical piston travel is commonly called Standing Travel, 
and is defined as the distance the br9,ke cylinder piston is forced out- 
ward in applying the brakes when the car is not in motion. 

The actual piston travel is generally called the Running Travel 
and is defined as the distance the brake cylinder piston travels out- 
ward in applying the brakes when the car is in motion. 

In studying the effects of piston travel, it must be remembered 
that in any application of the brakes, the brake cylinder pressure 
obtained depends upon two things; the ratio between the volumes 
of the cylinder and auxiliary reservoir, and the amount of brake 
pipe reduction. If the brake pipe pressure is reduced 10 pounds, 
the auxiliary reservoir will be reduced 10 pounds (slightly over) ; 
and the 10 pounds from the auxiliary reservoir going into the 
brake cylinder will create there a pressure depending on the vol- 
ume of the cylinder and connecting passages as compared with 
that of the auxiliary reservoir. But the auxiliary reservoir vol- 
ume does not change, so we may say that of the two, the brake 
cylinder volume alone is responsible for the pressure obtained. 
Now that volume depends on the amount of piston travel, if the 
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latter is short, the volume is small, and the 10 pounds auxiliary 
reservoir air will create a higher brake cylinder pressure than if 
the piston travel was longer and the cylinder volume thereby 
greater. 

In order to show what a great difference the variation of piston 
travel makes in brake cylinder pressure and braking power, we 
show in Figs. 19 and 20 curves showing the theoretical variation 
for an 8-inch by 12-inch freight cylinder with standard cast iron 
auxiliary reservoir, with 6-inch, 8-inch and 10-inch piston travel, 
for different brake pipe reductions. Fig. 19 shows the relative 
increase or decrease of cylinder pressure as piston travel is decreased 
or increased. For example, with a 6-inch piston travel a 10 lb. re- 
duction gives 34 lbs. cylinder pressure; while, with 8-inch 23 lbs. 
and for 10-inch 16 lbs. is obtained. Difference enough, it will be 
seen, to make those concerned take notice. Fig. 20 gives the per- 
centage that the results in braking power obtained with the 6-inch 
piston travel are greater than those with the 8-inch travel; also the 
percentage less resulting with 10-inch travel as compared with 
the 8-inch travel. These curves show what great and damaging 
variations of cylinder pressure and braking power result with the 
initial brake pipe reductions. For example, with a 10-pound re- 
duction, the braking power developed with a 6-inch travel is 45 
per cent greater than with an 8-inch travel; also a 10-inch travel 
gives 38 per cent less than an 8-inch travel. In practice, the cyl- 
inder pressures realized are two or three pounds less than shown on 
the curves, while the braking power is considerably less, due to the 
lost motion, friction, and elasticity of the foundation brake gear. 
These losses make the conditions even worse than shown in Fig. 20. 

We give in Table 1 the results that would be obtained in service 
with a 10-pound brake pipe reduction were there no losses of any 
kind. As & matter of fact the results actually obtained in service 
will be from two to three pounds lower, on account of leakage, etc. 
The effective braking power is that which would be delivered at the 
brake shoes for the cylinder pressure given, assuming that the 
leverage is designed for 60 per cent braking power at 50 pound 
pressure, this percentage being now recommended in freight ser- 
vice for steel cars, or wooden cars with steel underframes. In 
practice, 8-inch piston travel is usually taken as standard for 
freight service. 
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Piston 


Cylinder 


Effective Braking 


Comparison with 


Travel 


Pressure 


Power 


8- inch Travel 


4" 


52i lbs. 


63 % 


130 % greater 


5" 


41 lbs. 


49 % 


78 % " 


* 6" 


33 lbs. 


39i% 


44 % " 


7" 


27ilbs. 


33 % 


20 % " 


* 8" 


23 lbs. 


27i% 


— 


9" 


19 lbs. 


23 % 


16i % less 


*10" 


16 lbs. 


19 % 


31 % " 


11" 


13 lbs. 


15i% 


44 % " 


12" 


11 lbs. 


13 % 


53 % " 



*See Figs. 19 and 20. 

Brake cylinder pressure and braking power developed with an 
8-inch by 12-incli cylinder, having 50 cu. in. clearance, and stand- 
ard cast iron auxiliary reservoir, with a 10-pound brake pipe re- 
duction, and different piston travel, no losses whatever being con- 
sidered, nominal braking power being 60 per cent on 50 lbs. cyHn- 
der pressure. 

Tables similar to this could be made for any other brake pipe 
reduction, showing a variation similar in character but different 
in amount, the latter being greatest for small brake pipe reduc- 
tions. As a result, it will be readily seen that if in a train, some 
brake cylinders have long piston travel and some short, a very 
uneven braking power will be developed for any brake pipe re- 
duction, which will cause some cars to be retarded more than 
others, from which shocks and unnecessary strains on draw bars 
will result. 

The proper piston travel is that which will develop approxi- 
mately 50 pounds cylinder pressure when the auxiliary reservoir 
and brake cylinder become equalized from an initial auxiliary re- 
servoir pressure of 70 pounds. This cylinder pressure (50 pounds) 
will then be the limit for a full service application, and should be 
obtained simultaneously on all cars. In Table 2 we show ap- 
proximately the pressures at which the cylinder and auxihary 
reservoir above mentioned will become equalized for different pis- 
ton travels, and the brake pipe reduction required to give these 
equalizations. 
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Table 2. 

Equalization pressures and brake pipe reductions necessary to 
give them for the brake cylinder and auxiliary reservoir given in 
Table 1, with initial auxiliary reservoir pressure of 70 lbs. and dif- 
ferent piston travel. 

S-inch by 12-inch Cylinder and Cast Iron Auxiliary Reservoir. 



Piston Travel 


Equalization Pressure 


Brake Pipe Reduction 


4" 


59 lbs. 


11 lbs. 


5" 


57 lbs. 


13 lbs. 


* 6" 


55 lbs. 


15 lbs. 


7" 


53^ lbs. 


16i lbs. 


* 8" 


51J lbs. 


18i lbs.. 


9" 


50 lbs. 


20 lbs. 


*10" 


49 lbs. 


21i lbs. 


11" 


47 lbs. 


23 lbs. 


12" 


46 lbs. 


24 lbs. 



*See Figs. 19 and 20. 

Particular attention should be given, in this table, to the large 
variation in brake pipe reductions, the short piston travels require- 
ing a smaller reduction and equalizing at a higher pressure than 
in the case of longer travels. To illustrate the detrimental effects 
of having such conditions in a train, let us suppose that two freight 
cars are coupled together, each having a light weight of 35,000 
pounds, each equipped with an 8-inch cylinder and cast iron 
auxiliary reservoir, and the first having a piston travel of 11 inches 
and the second of 5 inches. It is plain that if a full service appli- 
cation is required on these two cars, a brake pipe reduction of 
sufficient amount must be made to equalize brake cylinder and 
auxiliary reservoir on both cars, which in this case would be 23 
pounds, although 13 pounds would be sufficient for the second 
car. Consequently, 10 pounds of brake pipe air is wasted from 
the second car, and it obtains a cylinder pressure of 57 pounds, 
while the first car only obtains 47 pounds; moreover, the higher 
pressure on the second car is obtained in less than six-tenths of 
the time that the lower pressure is obtained on the first car. That 
is, there was 57 lbs. in the brake cylinder of the first car mentioned 
at the time that only 20 lbs. was in the cylinder of the second car. 
Let us suppose these two cars to be arranged to deliver 60 per 
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cent of braking power with 50 poiinds cylinder pressure; then 
57 pounds represents 68^ per cent braking power, and 47 pounds 
represents 56^. 68J per cent of 35,000 pounds is 24,000, and 
56^ per cent is 20,000 pounds. As a result, the stopping power 
of the second car is 4,000 pounds greater than on the first, and 
if we assume a speed of 20 m. p. h. and a coefficient of friction of 
20% (which will be a fair average for this condition) a draw- 
bar pull of about 800 pounds is maintained between the two 
cars throughout the stop, or until the release of the brakes. If 
the release is made before coming to a stop, the brake pipe pres- 
sure need only be raised about 1^ pounds to cause the first car 
brakes to start to release, while it must be raised about 12 pounds 
before the second car brakes start to release. The first car, having a 
comparatively low cylinder pressure, would probably fully release 
before the second car started to, resulting in a draw-bar pull for a 
short time proportional to the entire braking power of the second car, 
or, in this case, about 4,800 pounds. This belated release is often, 
but incorrectly, called "a slow release"; while that on the first car 
would be termed "a quick release"; as a matter of fact, if the two 
cylinders started to release at the same time from the same pres- 
sure, they would take an equal time to accomplish it. The fault 
lies, not in the brake apparatus, but in the improper adjustment 
of the foundation brake gear. 

But still another condition might arise. Suppose a 14-pound 
brake pipe reduction should be made ; the second car would equal- 
ize at 57 pounds, or 68^ per cent — 24,000 lbs. braking power, 
while the first car would only have a cylinder pressure of 24 pounds, 
the latter representing 29 per cent, braking power, or 10,000 
pounds retarding effect. In this case, the draw-bar pull between 
the two cars during the application is about 2,800 pounds, an 
amount which would be sufficient for the first car to bring the 
second, the latter loaded with 100,000 pounds of freight, from a 
standstill to 25 miles per"hour in one minute. 

From these considerations, it is clear that the best operation 
of the brakes can only be secured by maintaining a uniform piston 
travel upon all cars. The increase in the slack of brake rigging 
due to the wearing away of the brake shoes, must be constantly 
watched and taken up by means provided in the brake rigging, 
thereby maintaining the piston travel as nearly uniform as pos- 
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sible. By far the best means for accomplishing this is to install, 
in all cases where possible, an automatic slack adjuster, so called. 
Where this is not done, proper inspection and adjustment must 
be made at sufficiently frequent intervals to prevent any material 
increase in piston travel. As this inspection and adjustment has 
to be made while the car or train is standing, it must be remem- 
bered that running travel in steam road service is generally about 
1^ inches to 2 inches longer than standing travel, so that if an 
8-inch running travel is desired, the standing travel should be 
adjusted to about 6 inches. If slack adjuster (shoe wear com- 
pensator) is used, attachment should be made to the 8-inch hole 
in cylinder. 

Piston travel should never be altered to obtain a certain shoe 
clearance. This should be done by using brake cylinder of proper 
size, and through proper proportioning of the foundation brake 
gear. When inserting new shoes to replace those worn out, the 
brake rigging should be slacked off first, and the piston travel 
adjusted properly after the new shoes are in place. If, for any 
reason, it becomes necessary to change the piston travel, the auxil- 
iary reservoir must also be changed, so as to keep the relative vol- 
umes of brake cylinder and auxiliary reservoir the same as before, 
thus insuring the same equalizing pressure and corresponding 
pressures for given brake pipe reductions. 

The question as to whether the piston travel should be adjusted 
when the car is light or loaded makes necessary the following state- 
ment : Whenever the brake beam hangers are suspended from the 
solid part of the truck (which is now the best and most general 
practice), it is immaterial whether the car is light or loaded. If 
the hangers are attached to the car body, the adjustment must 
be changed whenever the car goes from light to load, or vice versa, 
for the following reasons: If the adjustment is done when the 
car is loaded, full braking power is available when the greatest 
weight is being handled, while there is a possibility, when the 
car is light and the shoes are raised making the shoe clearance 
less, that the resulting decrease in piston travel may raise the 
cylinder pressure sufficiently to slide the wheels. On the other 
hand, if the adjustment is made when the car is light, and the 
shoes in their uppermost position, wheel sliding is avoided, but 
there is danger that, when loaded, the increase of shoe clearance 
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and piston travel may result in greatly reducing the efficiency of 
the brake, and possibly no braking power at all for light deduc- 
tions, which condition might cause runaways and disaster. 

It is clear that a uniform piston travel is most desirable. If 
the piston travel be unnecessarily long, the brake cylinder pres- 
sure is thereby reduced and the efficiency of the brakes corre- 
spondingly impaired; in addition, a greater quantity of com- 
pressed air is consumed in brake applications than would other- 
wise be necessary, thereby entailing greater demands upon the 
air compressor, with correspondingly increased wear and tear. 
If the piston travel be too short, it is apt to be accompanied by 
dragging of the brake shoes upon the wheels while the brakes 
are released, and by too high a brake cylinder pressure, with an 
accompanying liability of sliding wheels, and rough and sudden 
stops when the brakes are applied. Besides, with a constantly 
varying piston ■ travel, the engineer is never sure what retarding 
effect will follow any certain brake pipe reduction, and he will lose 
confidence in the brake; he can not become as expert in its manipu- 
lation as if the operation was more uniform, which if proper installa- 
tion has been made, becomes largely a question of piston travel. 

Curves illustrating the foregoing are given in Figs. 17 to 20, 
inclusive, of the Appendix, as well as a brief explanation of some of 
the characteristics. 

Braking Power. 

When the Automatic Air Brake was being put to a practical appli- 
cation, that is, used for controlling trains, it was found that the 
amount of cylinder pressure and braking power obtained for a 
given reduction were very important factors to be considered. 
After considerable experience and experiment it was proven, even 
for the comparatively short trains of those days, that the highest 
permissible braking power should not greatly exceed 1 per cent per 
pound of cylinder pressure (e. g., 70 per cent on 60 lbs. cylinder 
pressure) if trains were to be handled without shocks in ordinary ser- 
vice operation, and also that the cylinder pressures obtained should 
not exceed S^lbs. absolute, per pound of brake pipe reduction; in 
other words, the auxiliary reservoir and brake cylinder should 
equalize at 50 lbs. from 70 lbs. initial; gage pressures (65 lbs. 
minus 15 for piston displacement). Accordingly a nominal brak- 
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ing power of something less than 60 per cent. on. 50 lbs. cylinder 
pressure was fixed upon as the proper braking power for freight 
cars and an auxiliary reservoir employed so proportioned as to 
give a proper brake cylinder pressure per pound of brake pipe or 
auxiliary reservoir reduction and a brake pipe pressure of 70 lbs. 
was fixed upon as the desired pressure from which to obtain the 
maximum service brake cylinder pressure, namely, 50 lbs. These 
principles, of course, implied that "all air" trains were being 
handled for the reason that the length of train is an important 
factor in producing shocks, as if only a few air brake cars were 
being used, the brakes could not be much of a factor in stretching 
the train. However, it became the custom to use only a number 
of the brakes in long trains, generally on the loads ahead, the 
brakes on the empties not being used. Therefore, it was largely 
immaterial, under this condition of operation, what nominal brak- 
ing power was adopted for the empty cars, as, obviously, if the 
brakes were not used, they could not stretch the train when being 
hauled behind loads. It was during this period that some roads 
increased the braking powers of freight cars from 70 to as high 
as 85 per cent, based on 60 lbs. cylinder pressure, and, of course, 
the result when hauling empties behind loads, particularly on a 
level, did not manifest itself as they were generally behind the 
cars on which the brakes were being used. When, however, it be- 
came the rule to operate "all air trains" quite another set of con- 
ditions were created, for not only were the brakes used on empties 
but, as far as the operation of the brakes was concerned, the length 
of trains was doubled, which is a serious factor, as the interval of 
time in brake application, particularly when cornbined with great 
difference of braking power at the two ends of the train, permits of 
the slack actions that are responsible for shocks. Thus the brak- 
ing power of the empty cars became quite a factor in the handling 
of trains, for, obviously, the greater the braking power of the 
empties as compared with the load for the same cylinder pressure 
obtained from the medium reduction, the greater would be the re- 
tardation of the empties over the loads with consequent shocks and 
possible break-in-twos, particularly if the slack was bunched when 
the brakes were applied. Because of these things, a return was 
made to the old rule of 60 per cent nominal braking power based 
on 50 lbs. cylinder pressure, and even this would be regarded as 
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too high, if means were available for properly taking care of the car 
when loaded. If the braking power is made very great on the empty 
cars an approach will be made to the bad practice which was re- 
sponsible for so many break-in-twos when employed, namely, haul- 
ing passenger cars with the brakes in use on the rear end of a freight 
train, or, what is perhaps even worse, permitting empty freight cars 
with short piston travel to be hauled behind loads. 

Another thing that should be kept in mind is that a vital ele- 
ment in handling long trains without shock is the uniformity of 
the braking power both in time and amount, and as there is no 
such thing as uniformity in the amount of braking power when we 
consider loaded and empty cars with long and short piston travel 
and the various percentages of nominal braking power employed, 
etc., nor of time when we consider that this is varied by length of 
train and brake pipe leaks, etc., it is important that we prevent the 
ill effects of these variations to as great a degree as possible, which 
can best be done by insuring that the braking power obtained be as 
low as controlling the loaded car will permit, and its attainment 
stretched over such a period of time by range of brake pipe reduc- 
tion, as will make sudden and severe strains unlikely. This is not 
only desirable but possible from the fact that all the braking power 
needed for controlling the loaded cars, even on grades, can be ob- 
tained by increasing the brake pipe pressure, which increases the 
ultimate braking power on all cars alike and without in any way 
interfering with the flexibility of the brake, i. e., without giving 
severe braking power for the initial brake pipe reduction, which it 
is important to avoid until the slack has had time to adjust itself. 
Moreover, this increase of brake pipe pressure does not widen the 
gap, already too great, between the ordinary service braking effort 
of the loaded and empty cars, while to increase the braking power 
on the empty cars does this to a serious degree. In other words, 
it does exactly opposite to what good engineering requires and 
what we are endeavoring to do, namely, bring about a uniformity 
of braking power on the empty and loaded cars. 

In' this connection, we might also mention that when it was 
found necessary to increase the stopping power of passenger trains 
it was not done by increasing percentage of braking power per 
pound of cylinder pressure, which, to obtain the increase desired, 
would have destroyed the flexibility of service features of the brake. 
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but, by increasing the pressure carried, thereby obtaining a cylinder 
pressure sufficiently high to give the desired increase of braking 
power. If this was the necessary procedure with passenger trains, 
how much more so with the long freight trains where the time and 
slack elements are of a much more variable and serious nature. 

To compare the relative gain on empty and loaded cars by the 
proposed increase in nominal percentage of braking power (and 
considering service operation only, as the question of uniformity 
mentioned above need not be considered in emergency) we may 
take the following example : 

PRESENT STANDARD. PROPOSED STANDARD. 

70% on 60 lbs. Nominal Braking Power 70% on 50 lbs. 

58.5% on 50 lbs. This is equivalent to 85% on 60 lbs. 

40,000 lbs. Car— Light Weight 40,000 lbs. 

140,000 lbs. Car— Loaded Weight 140,000 lbs. 

FOR FULL SERVICE APPLICATION. 

(50 lbs. Cylinder Pressure Obtained.) 
58.5% Braking Power— Light Car 70% 

16.7% Braking Power — Loaded Car. 20% 

41.8% Difference between braking power 

on loads and empties. 50% 

FOR 10-POUND REDUCTION. 

(20 lbs. Cylinder Pressure Obtained.) 
23.5%o Braking Power— Light Car 28% 

6.7% Braking Power— Loaded Car 8% 

16.8% Difference between Braking 

Power on loads and empties. 20% 

By raising brake pipe pressure to 90 lbs. instead of increasing 
nominal braking power to 70% on 50 lbs., as proposed, the service 
operation is not affected. That is, for reductions up to that which 
will produce a brake cylinder pressure of 50 lbs., the braking power 
is the same as at present. The obtainable or reserve power of the 
brake is considerably increased, however, since the service equali- 
zation pressure is increased from 50 lbs. to 65 lbs. which would give 
76% Braking Power— Light Car. 
21.7% Braking Power— Loaded Car. 
54.3% Difference between Braking Power 
on loads and empties. 
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From the above it is seen that if we increase the braking power 
from 70% on 60 lbs. to 70% on 50 lbs. (85% on 60 lbs. cylinder 
pressure), it will result in a net gain of 11.5% braking power on the 
light car and 3.3% on the loaded car for a full service application — 
the difference between the braking power on loads and empties 
being increased from 41.8% to 50%. If the desired increase is 
obtained by leaving the nominal braking power the same as at 
present standard (70% on 60 lbs.) and increasing the brake pipe 
pressure carried from 70 lbs. to 90 lbs., for a full service applica- 
tion, the gain on the light car is 17.5% and on the loaded car 5%. 
It should further be noted that up to 50% (the service equalization 
pressure when 70 lbs. brake pipe pressure is carried), there is no 
difference in the braking power obtained for a given cylinder pres- 
sure. That is, by raising the brake pipe pressure to 90 lbs. the brake 
remains the same for ordinary service reductions, but the ultimate 
braking effort is advanced by 17.5% on the light car and 5% on 
the loaded car. While this, of course, results in a wider differ- 
ence, (54.3%) between the braking power on the loads and empties, 
it should be remembered that this is for 15 lbs. higher brake cylin- 
der pressure than that for which this difference under the proposed 
standard is only 4.3% lower. Furthermore, this difference can 
only be attained by a full service reduction, during the progress 
of which the slack has an opportunity to adjust itself harmlessly, 
and while by increasing the leverage, the difference, as pointed out 
above, obtains on all partial as well as full service reductions. Again 
by increasing the brake pipe pressure, the gain is available on all 
cars alike, gives a large reserve power, during ordinary service appli- 
cations of the brake and requires only an adjustment of the feed 
valve to accomplish the same, while the benefits of an increased 
nominal percentage of braking power are obtained only on those 
cars whose levers have been changed accordingly. 

Fig. 16 (see Appendix) illustrates graphically the difference 
in braking power on loaded and empty cars. Taking for example 
a 10-pound reduction with 8-inch piston travel and 70% braking 
power, you will note that while the braking power on the loaded 
car is less than 10%, it is more than 30% on the empty car, or 
in other words, over three times as great. If, however, we assume 
a condition which frequently occurs in actual service; that is long 
(or relatively long) piston travel on the loaded cars ahead, and 
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short (or relatively short) piston travel on the empty cars behind, 
etc., it will be seen at once by the chart that the variation in brak- 
ing power between the loaded and empty portions of the train is 
very much emphasized. For instance, with the 10-pound reduc- 
tion as mentioned, we have a braking power on the loaded portion 
of about 8 %, while assuming for the sake of illustration a piston 
travel of 6 inches on the empty cars, we have a braking power of 
about 47% or almost six times as great. If, on the other hand, 
the higher braking power of 85% is employed, and a 10-pound re- 
duction is made with normal piston travel, the braking power on 
the loaded car is but a trifle over 10%, whereas that on the empty 
car has been raised to 37^%,. From this it will be seen that the in- 
crease in percentage on the empty car is far greater than that on 
the loaded car, which latter in fact is but trifling. Consequently, 
the difference between the two is greatly exaggerated. 

In the case of unequal piston travel cited above, if the braking 
power were raised to 85%, that of the loaded car when a 10-pound 
reduction is made would be increased only from 8% to 9%, where- 
as that of the empty car would be increased only from 47% to 
56%, the undesired difference in braking power being thereby 
greatly aggravated. 

Use of Release and Running Positions. 

I feel a few words should also be said regarding the use of re- 
lease and running positions on the brake valves, for it is here that 
the engineer may start trouble, for with the high pressures and 
large main reservoirs and the long trains of today, it is very easy 
to overcharge the head end of the train as compared with the 
rear and with a short train to over charge it throughout as com- 
pared with the adjustment of the feed valve. Many detrimental 
effects result from this, such as stuck brakes, fiat wheels, cracked 
wheels, undesired quick action and where successive applications 
are made, as in grade work, in the brakes on the head cars doing 
practically all the work. 

Another result which I would like to impress upon all is that a 
great many engineers think that because the gage shows that the 
pressure has risen very rapidly, and higher than the auxiliary 
reservoir pressure is intended to be, that the brakes are released 
and consequently open the throttle, while, as a matter of fact, 
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this is a condition that exists only on the first few cars of the train, 
the pressure of the rear not having yet increased sufficiently to 
force the triple piston to release position. In fact, twenty-five 
cars back from the engine, it cannot be told from a gage whether 
the handle is in release or running position. With modern engine 
equipment, the brake valve should not be held in release position 
more than 15 seconds when releasing brakes is the object. The 
exceptions to this rule are when charging up a train, or under 
some conditions of grade work. 

An inspection of Figs. 21 to 27, inclusive, of the Appendix, ac- 
companied by a perusal of the explanation will demonstrate the im- 
portance of this phase of the subject. 

It will be seen from what I have said that brake manipulation 
and operation in freight service involves more than the judgment 
of the engineer in moving the brake valve handle back and forth. 
In fact, much more is dependent upon the condition of the train 
and the brakes than upon the manipulation by the engineer. Nay, 
more, it will be seen that the conditions may often make judgment 
impossible and insure shocks and break-in-twos in spite of it. Com- 
prehension and application should come down from the ofiicials 
to the engineer and instruction and discipline ^tp to the engineer 
through the car men and trainmen. Until this is done, we are try- 
ing to cure our troubles by pecking away at the effect instead of 
what is more logical and reasonable, namely, dealing with the cause. 

In concluding this subject, I desire to mention some of the 
changed operating conditions which have made much more diffi- 
cult the control of freight trains, then analyze a proposed change 
or two expected to improve conditions, after which offer a few 
suggestions, the adoption of which will greatly reduce shocks and 
break-in-twos. 

First: Heavy and more powerful locomotives (often two of 
these used to a train) — ^increasing the difficulty of starting trains 
without shock — making long and heavy trains possible, this, self- 
evidently, making the control more difficult — also severe strains, 
are set up when the brakes are released on these heavy weights 
before it is possible to obtain the release of the brakes on the rear ; 
also with freight trains bunching the slack (because the brakes 
on the engine, if in good order, will produce more retardation than 
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those of the cars), then when the brakes take hold on the cars 
at the rear (generally empties), or, if for any other reason, the 
slack runs out, shocks are likely to result. With passenger trains, 
the reverse is true, as the cars are always being retarded more than 
the engine, and therefore the train is stretched. 

Second: Cars of greater capacity, therefore, greater weight, 
and this without corresponding increase of the light weight, thus 
reducing the braking power when loaded to a greater extent than 
with the older cars. This condition creates a greater difference 
in braking power between the forward and rear end of the train 
when we have loads ahead and empties behind. 

Third: Different percentages of braking power, some roads 
using 70 per cent and others as high as 90 per cent of the light 
weight; others, again, intermediate percentages. These things all 
tend to make the braking power unequal (and, of course, the longer 
the train, the worse it will be, because the time element "cuts quite 
a figure"); so much so, that if we got together a combination of 
long trains — loads ahead — empties behind — (and if these empties 
have short piston travel, the situation is aggravated to a remark- 
able degree), high percentage of braking power — slow speed and 
brake application (particularly if made by an engineer who does 
not nor has not taken these things into consideration), — a break- 
in-two is to be expected. 

Fourth: Different sizes of brake cylinders, i^nd this has more 
effect than most people think. For one reason, because the total 
leverage will be varied by the weight of the car and size of cylin- 
der, thus the piston travel, so important a factor with light or 
medium brake pipe reductions, will vary greatly for the same 
shoe wear — this is self-evident with cars under-cylindered or when 
equipped with brakes with which the service and emergency cylin- 
der pressures are the same. 

Fifth: Varying brake pipe pressure: This changes the time 
element, often resulting in a heavier or a lighter application than 
was intended. 

Sixth : Varying brake pipe volume : Thus modifying the time 
of appHcation and release; and this far beyond direct proportion. 
The effect of this will be seen when it is borne in mind that men 
who have been coupling up and handling a fixed and limited num- 
ber of cars — therefore, an approximately constant volume — often 
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fail to release the rear brakes of a long train before opening the 
throttle, or take into consideration the length of time it takes to 
get the air out or back into the brake system of long trains. 

Seventh: "All air trains," and from a train handling stand- 
point this is one of the most important factors, as no matter what 
the make-up of the train, the brakes must be cut in within certain 
limits, therefore, if the train is so made up that excessive and 
damaging retardation takes place at the rear, the scheme of cut- 
ting out every other brake cannot be resorted to, as was done on 
some roads until recently, where "all air trains" were being handled. 
(By "all air trains" is meant that the brake pipe is charged with 
air from the engine to the rear of caboose.) Not only this, but it 
is plain that more knowledge, greater skill and constant thought 
is required on the part of all concerned to deal with conditions 
so variable as those involved in the make-up and the means of 
controlling the trains today. In other words, the human equa- 
tion is more of a factor than ever before. This, I am happy to say, 
is beginning to be realized, and soon, I hope, many will be con- 
vinced that more consideration must be given to the condition 
under which the brake operates, if the results due to lack of con- 
sideration are to be' avoided, for it is a fact that there are proper 
and improper conditions for the brake as for other mechanical 
devices, and there is more to it than simply attaching it to a car. 

Eighth : In this connection, it may be well to mention that the 
many different styles of draft rigging have quite a bearing on the 
matter of shocks in trains; those possessing the greatest dissipat- 
ing power with no recoil being, in my opinion, very necessary to 
meet the conditions of today, as the brakes and engineers can hardly 
be expected to compensate for all the changes that have taken 
place. 

Ninth: Other things might be mentioned and elaborated upon 
— such as a greater number of parallel tracks, more yards and the 
frequency of trains, but I think the foregoing will help keep in mind 
the complexity of the problem when what follows is being con- 
sidered. 

Many schemes are proposed to alleviate these troubles ; good, bad 
and indifferent, most of them bad because they do not touch the root 
of the matter. In one detail they are nearly alike, viz., in be- 
ginning with the engineer, while here is where they should end. 
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The brake is a good servant, but a bad master, and it becomes re- 
bellious when contending with impossible conditions and is some- 
what sensitive to neglect. 

A quasi-plausible scheme actually put in effect on a great rail- 
road for a time (a short time only for the remedy was worse than 
the disease) and recently considered by another, was to reduce 
the pressure carried in the brake system to 50 or 55 pounds. There 
were three advantages to be gained by this, so it was said : 

(1) That the braking power would not be so great for a service 
reduction and, therefore, that the severity of the shocks and break- 
in-twos would be reduced. This, however, would only hold true 
for heavy reductions, as, for instance, a 10-pound reduction would 
give the same cylinder pressure whether the brake pipe pressure 
be 70 lbs. or 55 lbs., other things being equal. And, as the shocks 
and break-in-twos will usually occur, if at all, by the time a 10- 
pound reduction has been made, it is plain that reducing the pres- 
sure would be of no help in this case; this, of course, applies to 
service applications. 

(2) That undesired quick-action will occur less frequently. 
This, however, will not necessarily follow, as, while undesired quick 
action due to friction caused by pressure on the slide valve may 
be reduced, yet undesired quick action due to slowness of reduction 
will be increased. Therefore, the gain in one direction is off- 
set by the loss in the other, and I believe more than offset. More- 
over, there should be no undesired quick action with 70 lbs. brake 
pipe pressure carried, and if there is, it can be corrected much 
more effectively by keeping the apparatus in a workable condition 
than by reducing the efficiency of the brake; which means in the 
last analysis its abandonment. 

(3) That in the event of undesired quick action the maximum 
braking power possible to obtain with the lower pressure will be 
less than with the higher; and here we have the only reason that 
is even plausible. But even this can only be granted when it is 
assumed that we are compelled to choose between two evils, viz., 
(1) air brakes improperly maintained and operated and, (2) a 
lower efficiency of the brake both in service and emergency appli- 
cations. It is self-evident that the brake will be less efficient with 
an emergency application, but it may be necessary to point out 
that for service applications not only would the braking power 
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of an equalized application be less, but the reserve for partial ap- 
plications would be much less in one case than in the other. In 
other words, where with 55 lbs. brake pipe pressure the operator 
would have to use a reduction that would produce equalization to 
control his train and therefore eliminate any reserve and make a 
stop impossible; on the other hand, with the higher pressure the 
same reduction would give him the same train control and leave 
a reserve braking power equal to that already obtained, thereby 
making a stop possible if called for. 

The above, I believe, covers all the arguments that can be ad- 
vanced in favor of the lower pressure, and the analysis shows that 
they are by no means soimd and certainly not sufficiently decisive 
to warrant the change. It may be said (but certainly not ad- 
vanced as a reason) that 55 lbs. will control an empty train more 
effectively than 70 lbs. will a loaded train, and this may be granted 
but it does not follow from this that the empty train with 70 lbs. 
has any surplus of control, and until this is proven, it would not 
appear wise to lower the braking power of the empty train simply 
because the loaded train is under-braked. 

Moreover, these other things should be considered; that it will 
be difficult to secure the change of pressure when changing an en- 
gine from an empty train to a loaded train, and vice versa, and 
no doubt you would often find the loaded train carrying 55 lbs. 
and the empty train 70 lbs. of brake pipe pressure, and partic- 
ularly I believe you would find that once the engineers were led 
to believe that 55 lbs. was a panacea for their troubles, it would 
be difficult to prevent their carrying the lower pressure when they 
should carry the higher — especially where the train is made up 
of loads and empties ; also it should be considered whether it is 
trains composed of all empties that are breaking in two in the 
great majority of cases. I am of the opinion that you would find 
that it is where a long string of empties are behind loads that this 
occurs; if this is so, even a consideration of 55 lbs. cannot be per- 
mitted. 

Another scheme actually put in practice by some roads is to put 
up the percentage of braking power on empty cars. This is done 
ostensibly to increase the braking power for the cars when loaded. 
There may be some excuse for roads doing this who have heavy 
grades to negotiate, for perhaps they consider it a choice between 
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putting up with break-in-twos or risking run-aways on the grades, 
or perhaps they have empties one way and loads the other, as for 
example the D. I. &R. 125 per cent, or perhaps again they are 
wise and do not haul empties and loads in the same train, knowing 
that by increasing the braking power on the empties they have 
made this more riskly and impracticable than ever before. How- 
ever, the other roads have to handle the cars, so somebody gets the 
effect. 

As it is unequal braking power that is responsible for shocks, 
anything that tends to this is pertinent to the question of train 
control. Therefore, the analysis of this practice, on pages 15 to 
21, is in order. It must be understood that as some look at it, 
it is a choice of two evils — braking power too low for grades, or too 
high for empties behind loads — but if they increase the braking 
power some one is going to have greater difficulty in smoothly 
controlling some classes of trains. 

In this connection I may also point out that general recom- 
mendations and instructions apply to general conditions ; particu- 
lar and specific conditions requiring and permitting considerable 
modification of such general recommendations to suit the case, 
and it is only with an intimate knowledge of and with particular 
reference to such cases that one can be specific. 

There are other schemes no more effective or practical than this, 
their chief virtue being a desire to find some way to reduce shocks 
and break-in-twos. As these undoubtedly arise from unequal 
braking power in different parts of the train, which may be tem- 
porary, as, for instance, the brakes applying more quickly or with 
higher cylinder pressure at the head end of the train than at the 
rear; or permanently, as, for instance, when there are loads ahead 
and empties with short piston travel at the rear, I will point out 
that shocks .or break-in-twos may be greatly reduced by : 

(1) Forbidding the use of the straight air brake of the engine 
to bunch the slack of the train before applying the automatic 
brake. I am aware that you will quote Westinghouse Instruction 
Books against this rule, but these instructions, as well as many 
others, were given to suit conditions very different from those of 
today. It is a self-evident fact that when conditions change, old 
rules and instructions become obsolete, or must be changed to suit 
the new conditions. A slight review of the instruction regarding the 
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use of straight air to bunch the slack gently, may be sufficient to 
demonstrate this. This instruction given when only part "air 
trains" were the rule, was necessary, as if the brakes were applied 
on the braked cars before the slack was in from the unbraked cars 
behind the shock was sometimes equal to a collision. Now, if the 
slack is bunched with an "all air train," particularly with empties 
at the rear, the running out of the slack, as the brakes take hold 
at the rear, often results in a break-in-two and certainly in a shock 
which is damaging to both equipment and lading. 

Personally, I doubt the advisability of using straight air at all 
for train control, as so much judgment and care is required to 
use it when and where it will do good and not harm. I mean now 
for making stops or slow-downs — for if it is applied heavily, a colli- 
sion is often the result — if applied and released and the throttle 
opened, while the cars are bunching or still bunched at the rear, 
a break-in-two is in order. Of course, there are critical speeds and 
conditions when damage is more likely than at other times. Straight 
air on the engine is of great value when used at the proper time and 
place, but it was not intended to take the place of the automatic 
brake in controlling trains, nor to be used because unfair conditions 
impair the efficiency of the automatic brake. 

(2) By placing loads at the head of the train and shortening 
the piston travel, and the empties behind and lengthening the 
piston travel, — bringing about a greater difference in cylinder 
pressure for graduating applications and thereby securing greater 
equality of braking power between loads and empties; at the same 
time the emergency pressure will be only slightly altered. 

(3) Alternating loads and empties. 

(4) Applying the brakes before the slack is bunched as, for in- 
stance, before the steam is shut off. 

'5) Instructing engineers not to use emergency applications 
unless actual emergency exists ; not, for instance, to consider every 
switch, water-tank, or coal shute as an emergency zone and apply 
the brakes accordingly. 

(6) Not to use heavy initial service reductions, unless speed is 
low and stop intended. 

'7) Do whatever is necessary and possible to secure uniform ap- 
plication of brakes. 



28 Brakes in Freight Service 

(8) Do all possible to insure that it is the engineer that is con- 
trolling the application of the brakes and not the brake pipe leak- 
age, and in general that the brakes are maintained in such condi- 
tion that the anticipated operation is possible and obtained. Give 
the engineer a chance. 

(9) Avoid, if possible, applying or releasing brakes when pas- 
ing over "Hog-backs" or round curves. 

(10) Avoid releasing the brakes before the brakes have ceased 
to apply during a reduction. 

(11) Avoid, whenever possible, applying the brakes again after 
a release, while the brake pipe pressure is higher at the head end 
than at the rear, in other words, equilibrium of pressure should 
be established throughout the train, as otherwise the head brakes 
will apply and those at the rear will not — ^therefore, the cars may 
be bunched and if the brakes at the next reduction take hold, this 
in conjunction with the recoil of springs will produce severe shocks.' 

(12) Avoid releasing brakes at speeds below ten miles per hour 
unless the locomotive is equipped with "ET" or the forward cars 
with K" triple valves, as otherwise brakes releasing at the head 
end permit the retardation still existing at the rear to stretch the 
train — sometimes beyond the strength of the car connections. 

(13) Avoid, whenever possible, having too many cars at the rear 
which are levered for a high braking power, as for instance, cars 
(of which there are many in service) upon which the braking 
power is calculated at 90% on 60 lbs. cylinder pressure — it is 
obvious that this aggravates the already existing inequality of 
braking power between loads and empties and is in effect the same 
as attaching so many passenger cars to the rear end of a freight 
train, which no one who expected smooth operation would do, un- 
less the brakes on these rear cars were alternately cut out. 

(14) Locate the places where accidents of the kind under con- 
sideration most often occur and advise extra precautions, for, un- 
doubtedly, you will find that there are certain track or signal con- 
ditions, which, in conjunction with an application or release of the 
brakes (to say nothing of the starting of trains), tend to produce 
shocks, and this, added to the already numerous factors tending in 
the same direction, often result in a "break-in-two." I think you 
will find that a number of your men are cognizant of this fact and 
have these places pretty well "spotted" and are governed accord- 
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ingly and, therefore, do not have near the trouble that some others 
do who either cannot reason back from effect to cause or are care- 
less. To these latter a little information and advice may mean a 
close approach to the results obtained by others who learn by ex- 
perience. I think I can illustrate what I mean by this paragraph 
by calling to your mind how necessary it is that an engineer, new 
to a division, become acquainted with the track, etc., before the best 
results can be expected. In other words, other things being equal, 
his proficiency depends largely upon his knowing the condition 
under which he operates. 

(15) At speeds of over 20 miles per hour make a light prelim- 
inary reduction, followed by continuous heavy reductions when 
speed is reduced to, say, 8 miles per hour and stop intended. At 
low speeds, when stop is intended, make a continuous full reduc- 
tion. The reason for this is to keep the slack bunched as the brake 
will naturally be applying with greater power on the head end than 
at the rear, therefore, tending to keep a steady push toward the 
engine. 

(16) If slow-down only is desired, it is better to make a light 
reduction, far enough back, than a heavy one to accomplish the 
same result in less distance; in the former case, when the release 
is made (even if at slow speed) there should not be braking power 
enough to cause shock, while in the latter case the reverse is true. 

(17) Enforce the rule that with long trains the engine must be 
cut off from the train whenever an accurate stop is imperative, as 
for coal and water, and insist that, after again coupling to the train 
that sufficient time be allowed for the brakes to release before trying 
to start the train. 

(18) A terminal inspection that will discover and send to the 
repair track all cars with defects particularly of draft gear, that are 
likely to cause trouble on the road. There is no doubt that a 
great number of break-in-twos are due to defective brakes and 
draft gear being allowed to leave terminals, and it is hardly a 
question whether it is wiser to take chances than to adopt a safer 
method. Of course it is only a matter of time before the inev- 
itable happens, but each thinks it possible that the car will reach 
the next terminal. Plainly, as long as chances are taken in these 
matters, even the best of care on the part of those operating the 
train on the road, cannot prevent a great many break-in-twos. 
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As stated, the difference in braking power is held to be the cause 
of shocks, etc., and the foregoing include at once the reason why 
and how it can, in a large measure, be overcome and uniformity- 
more closely approached. It is plain that to do this involves both 
effort, expense and inconvenience, but my railroad experience 
taught me this was unavoidable and to be expected in railroad opera- 
tion, and I may say that in the matter under consideration, what 
has been outlined permits of a choice between what exists and what 
we desire, to determine which the benefits versus the cost will be the 
governing consideration. 

In conclusion, it may be well to state that the cause of break-in- 
twos may be traced to the method of handling the brakes — to the 
condition and class of draft gear and brake equipment — ^to the 
make-up of the train and the kind of train service — it being un- 
derstood that the human equation is a qualifying factor at all 
times. All these causes taken singly or collectively are such at 
times as to make a break-in-two difficult if not impossible to avoid. 

"Break-in -twos" are caused by greater braking power at the 
rear than at the forward part of the train. This class of break-in- 
two often causes much inconvenience and some loss, but as it is a 
separation and not a collision the danger of serious accident is not 
great, unless following trains are too close. 

"Buckling" is caused by greater braking power at the forward 
end of the train than at the rear. This occurrence not only means 
inconvenience and loss but that the danger of serious accident to 
both the train to which it occurs and to others of either direction is 
very great, as the cars may be scattered over the different tracks. 

I have gone into this part of the subject somewhat fully, if not 
completely, because I should at least do so sufficiently, to permit of 
your weighing both sides of the question. 

The number of things mentioned show the complexity of the 
problem and many may say that no one can take all these things 
into consideration. This may be so, but they exist and must be 
dealt with as a condition and not a theory, and in proportion as 
they are taken into consideration will improvement be made, 
and, what is also important, the responsibility will be placed where 
it belongs, which is the first step toward desired results. 

It will be seen that there are four elements involved in every 
brake operation, namely: 1st, time: 2nd, amount of reduction or 
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change of pressure in the brake pipe: 3rd, amount of cylinder pres- 
sure obtained, and, 4th, percentage of braking power. Only one of 
these is fixed, viz. — ^the percentage of braking power. That is, a 
given pressure in the cylinder gives a certain braking power; all 
the rest are variable. For instance, the time required to reduce the 
brake pipe pressure a certain amount is varied by increasing or de- 
creasing the length of the train because this changes the volume of 
air in the brake pipe. The amoimt of reduction required to obtain 
a given cylinder pressure is varied by the ratio of the reservoir to 
the brake cylinder and the cylinder pressure obtained from a given 
decrease in reservoir pressure is varied by the ratio of the brake 
cylinder to the reservoir, which ratio is varied by an increase or 
decrease of piston travel, as this in eilect increases or decreases the 
size of the brake cylinder. Plainly, then, all these elements must be 
kept in mind when considering any problem involving train control 
and it is only by knowing the relationship existing between the dif- 
ferent elements that the cause of the results obtained can be deduced. 

The control of trains has become a much more complicated prob- 
lem than heretofore, much knowledge of all the conditions in- 
volved is necessary, and the best talent available will be taxed to 
the limit to get the most economical efficiency, and yet, strange as 
it may seem, these things are realized only by the few. 

The air brake has advanced in the past year or two from being 
considered chiefly a safety appliance that was required by law to be 
applied, to an absolute necessity in the handling of freight and pas- 
senger trains, and its operation must be properly understood to 
make it a dividend earning asset. 

The President : The speaker wishes to know if you prefer to 
ask questions now, or if you want to ask the questions as he throws 
the slides upon the screen. 

A., J. CoTA (C. B. & Q): I believe it would be the best plan to 
have him put on the slides first. 

Mr. Turner: In the paper read it was pointed out, among other 
things, that the percentage of braking power, the cylinder pressures 
obtained, the effect of varying piston travel, and the time element 
were very important factors and modify both the operation and 
the manipulation of the brake. These elements and their effects 
canbeshownby curves and charts even better than in actual opera- 
tion and a number of these are referred to in the text. 
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The majority of these curves and charts are traced from indicator 
cards. The indicators used are essentially similar to st^m cylinder 
indicators, but in addition have an electrical attachment connected 
to a clock which registers the time — ^the time of the commence- 
ment of the experiment and its duration being registered simultan- 
eously throughout the whole train, consequently, we not only have 
the time for the whole experiment, but also the differences in time 
between any similar operation throughout the train. In other 
words, we know the time of any given operation at any part of the 
train. Other of these curves are plotted from calculations, as they 
are simply questions of proportion, and one of their values is that 
they serve to show how important is the maintaining of the proper 
proportions and that in so far as they fail from what is proper 
the operation is adversely affected. 

The President: We would be glad to have you ask such ques- 
tions as you may have in mind and we will give Mr. Turner an op- 
portunity to reply to them before the minutes are published. 

Mr. W. E. Symons (C. G. W. Ry.) : Owing to the lateness of the 
hour, and the fact that Mr. Turner has talked for a couple of hours, 
giving us a very interesting paper, and I might say, a highly scien- 
tific lecture, I think it would be an imposition to ask any questions 
here tonight that would involve further discussion. There are one 
or two points which occurred to me that I would like to mention, 
with the suggestion that Mr. Turner be furnished a copy of the 
questions asked (and on which I would like permission to amplify), 
so that he can reply by letter in his closure. 

Question 1. In the earlier part of Mr. Turner's paper he men- 
tioned the fact that the braking efficiency of cars varied from 100 
per cent to as low as 44 per cent, or, we might say, a range of differ- 
ence in efficiency of 56 per cent, and while the details were not 
given as to just all of the causes that might contribute to this, yet 
it might occur to some that the different makes of brakes and dif- 
ferent types of the same make, might have a little something to do 
with this condition. 

It was also suggested by the author, that the switching of cars 
to certain parts of the train would minimize this trouble to a great 
extent, and while this is true, yet under present operating condi- 
tions this plan may be considered impossible, and of course it is 
necessarily incumbent upon the motive power officers to take care 
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of the brake equipment in such a manner, that no matter what 
distribution is made of this diversity of types and conditions we 
should get practically what might be called average results, and if 
there is anything that Mr. Turner can tell us in his closure that would 
throw additional light on the best thing to do to the brakes now on 
our cars (aside from suggesting the switching of the cars around), 
that would be a very good thing for the motive power department 
and mechanical officers to have to work upon. 

Question 2. Another point in connection with that same question 
was, where the piston travel varied, causing a wide range of differ- 
ence in cylinder pressure. My recollection is the author said that 
a great deal of trouble resulted from this inequality of piston travel,, 
and the consequent difference in pressure of the brake cylinder was 
largely due to the faulty location or arrangement of the foundation 
of the brakes. Now, if I am right in that, I want to ask the author 
if he would kindly explain, if that was the fault of the railway com- 
panies in applying brakes to cars that they build, or in making re- 
pairs, or is it a fault in the designs furnished by the air brake build- 
ers ? I am assuming that all brakes are applied according to prints 
furnished by the Air Brake people, therefore, if the foundation of the 
brake is faulty, or in any manner affects their operation or the 
proper equalization of pressure, then the fault may be due to the 
design, and not chargeable to the Railroad Companies. 

Question 3. Another question has occurred to me in connection 
with this matter that I do not think the author mentioned. With 
some systems of levers, or brake arrangements, the brake rod lies 
pretty well out to the side of the car, in fact, on some trucks with 
side bearings spaced 60" radius, the brake rod lies next to the side 
bearings, and sometimes on the outside, with the upper end of the 
brake lever almost in line with the side bearings, and in rounding 
curve, with this brake rod on outside of the curve, I would like to 
ask if this will have the efEect of shortening the rod, particularly 
on rounding a very sharp curve? If that is true, is it then not a 
fact that this might exert some influence on the derailment of a 
car. Assuming that curve elevation was arranged for a high rate 
of speed, in which case the centrifugal force would result in the 
equilibrium of the car body, but the train moved at a slow rate of 
speed around the curve, allowing the cars to lean heavy on the 
inside of the curve, and bearing hard on the inside side bearing, if 
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that was the case, and the brake rod was on the outside, and this 
condition resulted in shortening the rod thus placing more strain 
on it than when the car was on the straight track, would it not have 
the effect of assisting the leading outside flange of the truck wheel 
in climbing the rail. Would not this combination assist somewhat 
in a derailment which otherwise might not occur if the train was 
going at a higher rate of speed, or was on a straight track? 

Question 4. Another point in connection with friction draft gears, 
which possess, as we all admit, many good points, but just what 
effect they would have, or what percentage of effect in the elimina- 
tion of damage to cars or contents, the author did not state, and I 
would be glad if he would elaborate a little on that, if he so disposed, 
particularly on the type of draft gear, spring or friction that is con- 
sidered most efficient in service and economical in repairs. 

In the matter of sending cars to the rip track when they need re- 
pairs, that point is a very good one, and while of course it would 
result in a highly improved condition of the brakes, I rather suspect 
if that were followed out strictly, we would have to stop a great 
many important trains with high grade freight when they really 
could go forward, and while I think the instruction or advice given 
to railways is very good, yet I am inclined to think the railroads 
would hardly be able to carry this out, so long as the present method 
of handling cars is in vogue that we now tolerate in switching yards, 
which results in nuich damage to draft gear in general. Still, if 
the author feels that recommendation can be carried out, I would 
be very glad if he would elaborate on that point. 

There are a number of other points that are quite important, 
but I feel, owing to the lateness of the hour I have mentioned all I 
should, and in justice to the author, I would not ask him to reply 
to them this evening. 

Prof. L. E. Endsley (Purdue University): I appreciate the 
difficulty experienced by the author in preparing a paper like this 
in so short a time, and I move you, Mr. President, that the Club 
extend a vote of thanks to Mr. Turner for this very excellent paper. 

Mr. Turner, Answer No. 1 : Replying to the first question asked 
by Mr. Symons, I may say that the great differences in braking 
power may come from each or a combination of several causes, 
namely : difference between empty and loaded weight of cars, differ- 
ent standards of braking power on different railroads, and some- 
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times even by the same railroads, variations in piston travel, brake 
cylinder leakage, length of train, and the use of different makes of 
brakes, in which the auxiliary reservoir and brake cylinder propor- 
tions are different and in some of which the service amd emergency 
brake cylinder pressures are the same. All of these factors are dealt 
with at considerable length in the body of the paper and various 
suggestions as to their elimination in some cases and a minimizing 
of their detrimental effects in others are given, and finally it is 
stated that the of&cials have the choice of correcting some of these 
evils as they do others in connection with railroad management, or 
of letting them exist, which, however, will not be done when it is 
realized how profitable an air brake in good working order may be 
made, particularly as this will eliminate from the loss side of the 
account the cause of troubles and damage always inseparable from 
mechanical devices not in proper working order. I respectfully 
refer those who require a more complete answer to Mr. Symons' 
question to those pages of the paper covering this subject and to the 
curves and charts in the appendix. 

Answer No. 2 : In many cases the variation in cylinder pressure 
on different cars, or on the same car at different times, for the same 
amount of brake pipe reduction is due to improper foundation brake 
gear design, making it impossible to obtain or maintain the piston 
travel required by the auxiliary reservoir volume (which, it may be 
needless to say, is the same for all brake cylinders of the same diam- 
eter in steam railroad practice), which necessarily means that the 
stroke of the piston must be uniform if the same and proper cylinder 
pressure is to be obtained. In this connection I may say that very 
few designs for foundation brake gear are furnished by the Westing- 
house Air Brake Company — ^in many cases the general practice being 
to build the car without any particular reference to the foundation 
brake gear and then put it on as may best or easiest be done, nor 
was this so important when the brake was looked upon as a mere 
safety device, but since it (the brake) is now essential to control 
trains in ordinary every day operation, it is also essential that 
greater consideration be ^iven to foundation brake gear design, 
installation and general maintenance. However, the chief causes 
of differences in cylinder pressure are neglect to adjust piston travel 
for brake shoe wear and the hanging of the brake beams on the car 
body side of the springs, which permits the piston travel to change 
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according to whether the car is empty or loaded, and also very 
materially increases the piston travel by the creeping of the shoes 
toward the rail when the brakes are applied, due to pull of the wheel 
on the shoe. This latter is one of the worst forms of false travel. 
This question is also covered more in detail in the text of the paper 
and by the curves and charts. 

Answer No. 3: As it was not the purpose of the writer of the 
paper to go quite so far as we are carried by this question, an answer 
is not exactly called for, still I might be pardoned for saying that in- 
ferentially this bears out the statements made in the answer to Ques- 
tion No. 2, that foundation brake gear designs are sometimes bad. 

Another reason for not answering this question is that the answer 
is contained ia the question, for Mr. Symons has so well outlined the 
stresses set up by such an installation that there can be no doubt of 
the bad effect of such a design of the brake, or that, under certain 
conditions, the tendency is to derail the car. 

Answer No. 4 : The writer mentioned draft gear in one paragraph 
of the paper and then only to call attention to the fact that in some 
cases the cause of a break-in-two could be fotmd in the draft gear, 
and, wherever the draft gear is too weak for the stresses to which 
it may be subjected, or is weakened by usage, it is likely to give 
way under conditions where it would not occur if of proper strength 
or design. Moreover, break-in-twos often occur where a draft gear 
is employed that absorbs energy instead of dissipating it, as is the 
case with spring gear, and this will be all the more appreciated 
when it is considered that the recoil is given back in the form of 
a jerk instead of a buff — a jerk being much more likely to part 
a train than a buff. 

As the draft gear situation is before us in many papers, pamphlets 
and discussions, the writer thought it was sufficient to merely call 
attention to draft gear as one of the elements involved in the general 
question, and, therefore, to avoid repetition respectfully refers 
those interested to literature dealing with draft gear problems and 
designs. 

As to sending cars to the repair track, I may say that nine-tenths 
of the work required to eliminate air brake troubles and obtain 
proper efficiency can be done without sending cars to the repair 
shop. Instructions to inspectors and carmen as to what to do in the 
way of stopping brake pipe, brake cylinder and retaining valve 
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leaks and adjusting piston travel and insistence upon its being done 
is one of the chief requirements, and all this work can be done with 
the train in the yard. True, it will take some little time, but the 
delays will be nothing compared with those now occurring on the 
road and, of course, the damage to equipment and lading will be 
eliminated proportionately. Next, engineers should be taught 
that there is some difference between handling a long train with all 
the brakes cut in and a short train; also a difference in handling 
all empties, all loads or mixed trains ; also that conditions are differ- 
ent now that we have "all air" trains that when only the brake 
on a few cars were used and the remainder not. In fact, the mani- 
pulation required now, in many instances, is the reverse of what it 
used to be. For example, the.old rule was to bunch the slack before 
applying the brakes — ^the present rule is to avoid this. Again, with 
small pumps and small main reservoirs and low pressures', the full 
release position could be used with impunity, but with large com- 
pressors, large main reservoirs and the high pressures of today 
(which have a reason for their existence), the full release position 
must be handled with considerable thought of the consequences. 
Again, with the brakes used only on a few cars, and these loads, 
and the slack of the cars behind the air cars bunched by use of 
straight air on the engine, or other means, a heavy reduction was 
not only permissible, but proper, but now with the air operative 
throughout the train and empties behind, a heavy reduction is 
likely to break the train in two, because of the disparity in retarding 
force between the loaded and empty cars. In other words, the 
initial reduction now made should be light in order that the cylinder 
pressure obtained on the empty cars should not create such retarda- 
tion at the rear as would break the train in two. It will be seen 
that none of these things involve sending cars to the "rip" track. 
Of course, there are some cases where this is necessary and it should 
be done, but this is not so universally necessary as is generally 
thought. In fact, I laelieve it is the impression that this is neces- 
sary, which is responsible for the failure to make the slight repairs 
and compensations required for wear and tear between terminals. 
The defects are generally small individually, but the potentiality 
for trouble in an aggregation of these is great. We are not limited 
to two horns of the dilemma as implied in the interrogation of 
whether or not we shall send cars to the "rip" track, for it is not 
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a question whether we send all or none, as we may send only those 
that require such repairs as cannot rapidly and quickly be made in 
the yard, repairing such others where they stand. 

In conclusion, I may say that it was not the writer's intention to 
usurp the prerogative of the railroad official and say what can or 
what cannot be done, nor how things should be done, but to point 
out what is required to efficiently control freight trains and what 
is responsible for failure to get such control — ^the pleasure of devis- 
ing the means and method being left to those concerned, as well as 
the choice of having things as they are, or as they ought to be. 

Mr. Turner: I should like to say one word relative to this even- 
ing, and that is, that I thank those who have listened to the paper, 
which was rather technical in places. There were a great many 
points brought up in connection with the work required to make 
it clear, 'for an evening like this, a great deal of elaboration, there- 
fore I feel that the paper will be much more beneficial when printed 
than it has been tonight. I know when I was studying those points 
over from the practical point of view, that it took me more time to 
figure out all there was in it; it did not take very much time to 
put it on paper, but it takes a lot of time to figure out all that is 
involved in it, and therefore the effort was not so much to write 
a paper that would be satisfactory or create an impression this 
evening, but something that would bear looking into. The fact is, 
gentlemen, the conditions enumerated in that paper lie before us 
and they must be dealt with, and if any of you feel like backing up 
the engineer or the conditions that exist, the best thing to do is to 
take that paper and see whether you can remedy it, or whether you 
will put up with the trouble cheerfully. 

The President: I think it is entirely unnecessary that the au- 
thor of the paper should offer any apology. Personally I feel, and 
I am sure the rest of the members feel that it is a paper we shall feel 
proud of having presented to us. 

It has been regularly moved and seconded that a vote of thanks 
be extended to the author of this very excellent paper. All in favor 
signify by saying "Aye." Contrary "No." It is unanimous. 

Adjourned. 
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APPENDIX 

After the paper was read certain curves and charts were thrown 
upon a screen by means of a stereopticon, and their characteristics 
explained and the effects of these in train control discussed. Ob- 
viously, such explanation, even though reproduced verbatim 
would be unintelligible as a pointer was employed to desig- 
nate this or that line or figure, which cannot be reproduced in 
print. It has, therefore, been thought best to give a brief explana- 
tion of the charts instead of trying to reproduce the stereopticon 
lecture, cross references being given in the text of the paper to this 
explanation and from this back to the subject matter these are in- 
tended to supplement and emphasize. 

Until very recently air brake questions have been settled strictly 
according to individual opinion — ^there being no standard of refer- 
ence except the individual who was supposed to be an authority in 
air brake matters. Now these questions are settled by a reference 
to a standard written by the apparatus itself; viz. the indicator 
card registering what actually takes place during the action in 
question. Consequently, we have but- one answer and that the 
correct one. To a question involving like conditions, it is no un- 
common thing to get several different answers from the different 
authorities. Any one of them may be right and all of them may 
be wrong, for each authority is probably assuming different con- 
ditions, as but few questions are asked which are complete, or if the 
question is complete, it is so general in character that a large vol- 
ume would be required to completely answer it. For instance, 
What will cause a slid flat wheel ? 
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Fig. 1 illustrates graphically, when compared with Figures 5 and 
6, how length of train affects the application of the brake both 
as regards pressure and time. It will be seen that with the old type 
of triple valve very little cylinder pressure was obtained on any of 
the cars and that there was an interval of 45 seconds between the 
application of the first and last brakes in the train. The curves for 
the "K" valve show that not only can the difference in time of appli- 
cation be overcome in a large degree, as here the interval between 
the first and last brakes was but 10 seconds, but also that a more 
effective cylinder pressure was obtained. 
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Fig. 2 differs from Fig. 1 in that a 10 pound reduction instead 
of a 5 pound was made, and a comparison between the two sets of 
cylinder cards shows how much more effective and uniform in opera- 
tion the brake is when the time element in the application is reduced 
to a minimum. 
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Fig. 3 differs from Fig. 2 in that the reduction was 15 poiinds 
instead of 10 pounds. 
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Fig. 4 differs from Fig. 3 in that the reduction was 20 pounds 
by a full service application instead of 15 pounds. A glance at 
this set of charts will show that they are self-explanatory. As to 
operation effects — ^the difference in time and pressure can only b;; 
appreciated by those who have had experience in brake matters, or 
who are willing to be governed by those who have. 
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Fig. 5. The cylinder cards of this figure, when compared with 
Figs. 1 to 4 inclusive, illustrate what a great difference in 
time and pressure exists between a long and short train, as here the 
interval of time between the application of the first and last brakes 
was but 6 seconds as compared with 45 seconds with a 100-car train 
and same type of triple valve; while with a 20-pound reduction 
maximum cylinder pressure was obtained in about 35 seconds in- 
stead of 105 seconds with a 100-car train. 
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Fig. 6 is similar to Fig. 5, except that the cards were made 
from, the quick service triple valves. These curves show that 
the effect of brake pipe volume, due to length of train at the time of 
application, is less than with the old type of valve. 
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Fig. 7 illustrates the difference in time and pressure in the 
application of the brakes on the 1st, 25th and 50th cars. Not only 
is the rise of cylinder pressure shown, but also the rate of fall in 
brake pipe pressure, which will seem to be very slow on a train of 
even this length. 
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Fig. 8 is similar to Fig. 7, except that a 10 pound reduction 
was made and consequently the differences in the results are 
more pronounced, both as between the brakes on the different cars 
and between the two types of valves with which the two trains were 
equipped. 
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Fig. 9 is similar to Fig. 8 — the difference resulting from a 15 
pound reduction having been made instead of 10 pounds. 
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Fig. 10 differs from the preceding figure because of a 20 pound 
reduction having been made instead of 15 potmds. This series 
makes quite clear how much more effective and controllable a 
brake becomes when the time required to obtain certain brake 
effectiveness from one end of the train to the other is reduced. 
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Fig. 11 illustrates graphically both differences in time of release 
between the 1st, 25th and 50th cars of a train and the action of the 
brakes in the release when the retarded release type of triple valves 
is employed. It will be seen from the lower of the two sets of cylin- 
der cards that the first brake was released in .6 of a second and was 
entirely off when the 25th brake commenced to release, which was 
about 3^ seconds later and that the 25th brake was off before the 
50th commenced to release, which was about 4 seconds behind the 
25th. It will thus be seen that there is an interval of about 9 
seconds between the release of the 1st brake and the 50th and that 
the difference in the release of brakes between the 25th and 50th is 
4 seconds — ^time enough for the retardation still going on at the 
rear to do considerable damage if the slack runs out. 

From the upper set of cylinder cards, it will be seen that while the 
brakes commence to release with about the same difference in time 
that the release as a whole is very much more uniform— the effect 
being to eliminate surges in the train, due to brake release; thus 
doing away with a prolific source of damage and break-in-two. 
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Fig. 12 illustrates the difference in time of release between the 
1st, 25th and 50th cars of a train, both as regards the different cars 
and two different types of valves. This and the cards shown on the 
following three figures are instructive also as illustrating the rate of 
rise of brake pipe pressure of a train of this length, namely, 50 cars. 
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Fig. 13 differs from Fig. 12 in that it is a release after a 10- 
pound reduction instead of a 5-pound. 
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Fig. 14 illustrates the difference in time of commencement of 
release of the brake and fall of cylinder pressure on the cars after 
a 15-pound reduction. 
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Fig. 15. The cards of this figure are taken from a 20 pound re- 
duction and illustrate the rate of rise of brake pipe pressure between 
the different cars of the train, the amount of cylinder pressure ob- 
tained, the time of release between the different cars, and the differ- 
ence in the rate of release of cylinder pressure between the different 
cars of the train and between the different types of valves. For 
example, with the old type of valve, the pressure was all out of the 
cylinder. of the first car 3 seconds before the brake of the last car com- 
menced to release; while with the new type of valve, there was 25 
pounds in the cylinder of the first car when the brake of the last or 
50th car commenced to release and about 10 pounds in the cylinder 
of the first car when the effective pressure was out of the cylinder of 
the last car. In other words, the brake of the last car was released 
before that of the first car; thus the difference in time due to length 
of train was practically eliminated. The great value of this can 
only be appreciated by those who know the effects of having the 
rear end of the train anchored while the front end is running free. 

Whatever difference in cylinder pressure there appears on the dif- 
ferent sets of charts above mentioned has been due to the influence 
of the time factor as the piston travel was uniform. In the figures 
that follow the difference in cylinder pressure that appears is due to 
variation of piston travel, that is, increase or decrease of brake piston 
movement, which by the grace of somebody may exist before the 
shoes bear on the wheels. 
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Fig. 16. The significance of the curves of this chart is pointed 
out on page 19 of this reprint of the paper. A prolonged study of 
this chart will cause considerable reflection, if nothing more con- 
crete, and perhaps some may even ask these questions — ^how did we 
ever permit such conditions to come into existence, and why do we 
permit them to continue ? 
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Fig. 17. This chart is very instructive as illustrating how the 
braking power may vary, due to no other cause than lack of piston 
travel maintenance. As the chart is largely self-explanatory, it 
will be sufficient to point out that the air stored in the auxiliary 
reservoir at 70 pounds may equalize into the brake cylinder at any 
pressure from 67 pounds down to 44 pounds contingent only upon 
difference in piston travel. But as the damage is done long before 
equalization of pressure is reached, we would show what results 
from a 10-pound reduction, which is the critical one of an applica- 
tion. Here we see the pressure obtained from a 10-pound reduction 
may vary from 60 pounds with 3" piston travel to only 12 pounds 
with 12" piston travel, and what is worse in its effect in producing 
shocks that 60 pounds is obtained in the same time as the 12 pounds. 
Of course, there may be any of the variations between these two 
extremes. Now what does the engineer have to do with this, or 
how is he to prevent the results? Every car man and inspector 
should be drilled until he knows by heart what produces these 
curves and what their effects may be. 
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Fig. 18. This chart carries the investigation of the effect of 
varying piston travel further, in that we are able to see what it 
means in the braking power on the car and from this infer what 
such un-uniformity may mean to the train as a whole, particularly 
if we figure the various combinations and distribution that may 
occur. It will be seen that with the braking power designed for 
70% of the light weight of the car a 10-pound reduction will result 
in about 9 pounds cylinder pressure and about 10% braking powei 
on the car with long piston travel ; while on the car with short piston 
travel for the same direction and in the same time the cylinder pres- 
sure will be 32 pounds and the braking power 35%. A further in- 
vestigation of the curves will disclose a multitude of possible varia- 
tions which, fortunately, may be held down to very narrow extremes 
by very little care, which, however, must be given before the train 
leaves the terminal, as the engineer is not furnished with any mechan- 
ism that will compensate for improper conditions of brake equip- 
ment, nor can he expect except in rare instances to avoid the con- 
sequences 
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Fig. 19 is a different method of illustrating this matter, but more 
graphically develops the comparatively slight differences in the 
equalized pressures and the great differences for partial applica- 
tions for the same difference in piston travel. Also that the very 
high cylinder pressure resulting from short piston travel is obtained 
with less than half the reduction and in less than half the time that 
the equalized and lower pressure is obtained with the long travel. 
Plainly, few know that these things exist or few care — either horn 
of the dilemma is not comfortable and I may say neither is profit- 
able. Fortunately the most extreme neglect will not destroy the brake 
as an emergency safety device, but considerable care is required to re- 
tain its efficiency as a service brake, and this is all the more important 
as serious losses may otherwise result. In other words, as with any 
thing less mechanical, certain physical conditions must exist if we 
are to obtain profitable and desired instead of unprofitable and un- 
desired results. It would not be necessary to mention this if we 
were speaking of anything else but the air brake. 
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Fig. 20 still further illustrates piston travel eflEects, it being hoped 
by the number and graphicness of the illustrations that some sort 
of notice will be taken of the importance of this element in its effect 
on train control. In this chart, the variation of both pressure and 
difference in percentage of braking power that may occur, either 
side of that desired in the design is shown. 

Figs. 19 and 20 are analyzed on page 10 of the paper to 
some extent, to which the reader is referred. It is hoped that some- 
thing has been said on this part of the subject which will impress 
upon all concerned the necessity of giving it the consideration that 
results in some action being taken. 
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Fig. 21. This chart illustrates graphically the movement of 
the air and the action of the brakes both when the brake valve is 
manipulated, in releasing the brakes of a 75-car train, as it should 
be and as it should not be. Curve 1 proves how serious the improper 
manner of releasing the brakes may be — the result being "stuck 
brakes" and undesired quick action on the next application. The 
curves of this and the following figure are interesting and instructive 
in showing how the pressure rises and falls in different parts of the 
train and that the time interval between the action of the brake first 
and last is a factor to be reckoned with. 

From a train operating standpoint, the curves shown on this chart 
are perhaps the most important ever recorded, for an inspection of 
those curves showing improper operation will demonstrate that a 
great many troubles and losses with the brake are due entirely to 
the improper use of the full release position. One reason for calling 
attention to these particularly is that all the evils resultant from 
such manipulation can be avoided without the expenditure of a 
dollar for apparatus or repairs. It will be seen from curves 1 and 
3 that overcharging, stuck brakes, undesired quick action are the 
resultant of such improper methods of manipulation. It almost 
seems needless to say that in a train with this we have flat 
wheels, cracked wheels, broken wheels, buckling of trains, and 
break-in-twos, as well as a great number of happenings of lesser 
significance. 

Another thing, however, should be pointed out, namely, that such 
methods in grade work result in the forward brakes of the train 
doing practically all the work of controlling the train, which viewed 
from any standpoint is bad. 

Curves 2 and 4. (Fig. 21.) It will be seen that none of these 
things result when the proper method is employed. In fact, just 
the contrary for the operation of the brakes is then all that can 
be desired as far as brake valve control is concerned. A note on 
each curve briefly gives the operation and result, but an individual 
analysis of each of the curves cannot fail to convince all concerned 
that there are some things to avoid when operating the brakes. 
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Figs. 22 to 27, inclusive are intended to show the difference in 
time in the release of the brakes when using running position 
with a 30-car train and full release position with an 80-car train 
after both a 10 and 20-pound reduction. These curves also show 
that the rise of pressure is much more rapid with the brake valve 
in running position for a 30-car train than in full release posi- 
tion for an 80-car train. In fact, these charts were made to demon- 
strate, to some who doubted, that the brake which will release when 
full release position is used on an 80-car train is even more certain 
to release in a 30-car train if only running position is used. 

Another point worthy of notice is that some of the brakes on the 
80-car train had not released by the time the brake valve handle was 
returning to running position, consequently, they were released 
from, running position. The vertical lines show when the triple 
valve went to release position, as at this point the indicator was 
closed and opened again quickly. Some of the lessons to be learned 
from these four charts are, if the brake valve handle is held in re- 
lease position long enough to insure that all brakes are released while 
the handle is in this position, that the head end of the train will be 
overcharged, that the time of the release of the brake depends more 
upon the length of the train than the position of the brake valve 
.handle and that the rise of brake pipe pressure when releasing the 
brakes, like the fall of pressure when applying the brakes, is also 
dependent more upon the length of the train than upon the posi- 
tion of the brake valve, and finally that the interval between the 
release of the first brake and the last is dependent upon the length 
of train. Of course, these differences both in application and re- 
lease are verv much reduced and greater uniformity secured by the 
later type of triple valve, but even with these, better results will be 
obtained if it is understood that different conditions involve dif- 
ferent results unless the manipulation be modified accordingly. 
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Figs. 26 and 27. These charts are similar to those preceding, 
except that the brake pipe pressure has been reduced below the 
equalizing point. This is an operation that is very likely to be pro- 
lific of damage, particularly break-in-twos, as it is not difficult to 
raise the brake pipe pressure up to that of the auxiliary reservoirs 
at the head end of the train, but it is impossible to raise the brake 
pipe pressure at anywhere near the same rate at the rear of the train, 
consequently, there is much greater interval of time between the 
release of the forward brakes and the rear brakes than where the 
brake pipe pressure has not been reduced below that of the auxiliary 
reservoir. In fact, so long as an interval exists that the engineer 
is very likely to help the retardation still going on on the rear, break 
the train in two by opening the throttle, if the train is still running 
and, if standing, by starting the forward end of the train before the 
brakes have released at the rear. After the brake pipe pressure 
has by any means fallen below that of the auxiliary reservoir a very 
long period of time, comparatively, must elapse before the brakes 
will release at the rear end of the train. This is apparent from an 
inspection at the rate of rise of brake pipe pressure, as shown on the 
charts, which is not more than 8 pounds per minute after the for- 
ward triple valves have gone to release position; consequently 
if the brake jjipe has been reduced 10 pounds below that of the 
auxiliary reservoir about 1 minute must elapse before it is certain 
that the brakes have released. 

A glance at Fig. 27 will show that after .such an over reduction 
that part of the train ahead of the 25th car was running free before 
even the HOth car had started to release. 
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LOCOMOTION. 

BY 

WALTER V. TURNER, 
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Every moving body is capable, by virtue of its motion, of 
doing an amount of work before its motion can be diminished 
or stopped, which is directly proportional to the weight of the 
body and to the square of the speed at which it is moving. In 
the case of a vehicle, means must be provided which will permit 
this work to be done hai-mlessly and in a proper and pre- 
determined manner. Otherwise the element of danger involved 
increases so rapidly with the weight and speed of the vehicle 
that locomotion, except in its most primitive stages, is prohibitive. 
The development of locomotion and consequently of transporta- 
tion is, therefore, dependent in no small degree i upon a like or 
even superior progress in the art of controlling vehicles in 
motion. 

The laws according to which this art progresses can be 
determined only by following the successive developments which 
have been made in train control apparatus. This will be treated 
briefly in what follows, dealing primarily with the prin- 
ciples upon which such apparatus must operate, the methods, both 
theoretical and practical, by which these principles have been 
and are being applied to the problemi in hand, and the funda- 
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mental conditions of service which fix the requirements that 
must be satisfied by a reliable and practicable device of this 
character. 

Primitive Vehicle Brakes. — Knowing that the ancients 
travelled extensively, and that the great empires of history 
moved large armies over the then-known world, accompanied 
by trains of baggage wagons and war machines, it is natural 
to suppose that the necessity for retarding those vehicles must 
have been plainly manifested. But as a matter of fact, the 
first suggestion of this necessity by the use of a practical 
mechanism designed for the purpose does not appear to have 
been more than 250 to 300 years ago. The primitive carts 
and wagons which were used in agricultural work, and in 
connection with the transportation of baggage and supplies for 
armies, were of such construction that the natural resistance 
to rotation of their wheels was quite sufficient to bring them 
to a stop upon ordinary roads; and in cases of steep 
grades it was always easy to chain a log or stone (Fig. i) to 
the back of the wagon, so that by dragging it over the ground 
the speed of the vehicle was checked. 

Indeed, to find the time when the question of braking first 
came into prominence, it is necessary to go no further back 
than the period when highways became sufiiciently well made 
and maintained as to admit of a heavy vehicle being drawn 
over them at comparatively high speed. 

A remarkable adherence to one basic combination of ele- 
mental parts, of the same general character and function, is 
to be observed in even the earliest types of brake apparatus. 
This extends from the simplest primitive forms through the en- 
tire progress of the art until they are found to-day, associated, 
it is true, with great specialization and complexity of detail, 
but still having essentially the same fundamental components. 

This is natural, because, as the moving vehicle must be 
controlled by self-contained apparatus, it was first necessary to 
devise means whereby a source of energy or pressure, located 
on the vehicle, might be made to generate retarding force, op- 
posed to the motion of the vehicle. 

It is easy to see that the revolving wheels and axles offer 
the convenient and practicable opportunity required, and, con- 
sequently, it is not surprising to find that practically all brake 
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devices, no matter how widely diversified in details, have one 
feature in common. This consists of a block or brake-shoe, 
as it is called, so located that it may be pressed against the 
wheel tread with more or less force as may be necessaiy. This 
develops a frictional force or pull between the relatively sta- 
tionary shoe and the revolving wheel which, so long as it does 
not exceed the " adhesion " of the wheel to the rail or roadway 
on which it rolls, tends to retard and finally stop the motion 
of the wheel and thereby of the vehicle itself. 

It can be proved by experiment that the " adhesion " of a 
wheel to a rail while rolling (static or, more properly, rolling 
friction) is greater than the frictional force at this point when 
the wheel is sliding (kinetic friction). Therefore, the maximum 

Fig. I. 





retardation on the vehicle as a whole is obtained when the 
brake-shoe pressure is such as to produce a frictional force at 
the shoe nearly but not quite sufficient to cause the wheel to 
slide. This explains why wheel sliding must be avoided for 
theoretical as well as practical reasons. 

Early Railway Brakes. — One of the earliest and simplest 
means of retarding the wheels of a vehicle in this way was 
forced by a change in existing conditions, just as the many 
subsequent changes in methods of locomotion have been re- 
sponsible for the perfection of the brake as we know it to- 
day. About the j^ear 1630 an enterprising mine owner at 
Newcastle-on-Tyne, finding the roads between his mine and 
the river so bad as to seriously interfere with the hauling 
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of coal, conceived the idea of laying wooden rails in the 
road and running his cars thereon. The tractive effort of 
these cars was thereby so much decreased that the necessity 
of some contrivance to check their speed was at once 
apparent and brought out simple forms of brakes. One of 
these forms consisted of a metal-tipped beam which was fast- 
ened to the frame of the car in sucli a way as to scrape along 
in the ground at the side of the track. Another form was a 
simple lever pivoted to the side, near the centre of the car, 
and ordinarih' held up by a chain, which, when desired for 
use, could be lilaerated and pressed by liand or foot against the 
top of the ^\heel, as shown in Fig. 2. 

Fig. 2. 




Primitive railway u'a^^on brake ; lever on top o£ wheel, used in i\ew-Castlc-on-Tyne, 1630. 

Many other simple devices of like nature were adopted by 
such rail- or tram-roads as then existed, which require mention 
only to point out that all made use of a block or shoe forced 
against the tread of the wheel either directly, or through the 
medium of some sim]:)le combination of rods and levers, whereby 
the strenglli of the man applying the brake might be augmented 
or multiplied (Fig. 3). 

The Steam-brake. — As the speeds on these roads were 
generally c|uite lo\\' and the cars small enough to be drawn 
by draught animals, such devices served all practical purposes 
until the inauguration of a new order of things, by the advent 
of the steam locomotive. With the speeds and weights of cars 
which then had to be reckoned with it soon became evident 
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that something- better than a manually operated brake was 
needed. In 1833 Stevenson patented his steam-brake (Fig. 4), 
in which steam pressure, acting on a movable piston, was made 
to take the place of the hand-operated mechanism by which 




the force was applied through a S}stem of rods, multiplying 
levers (and cams in this case) to the brake-shoe. In this first 
form of power-brake we have all the elements of a complete 
power-brake, viz. : 
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1. Source of power — steam. 

2. Means whereby this power may be made to act upon 
the rods and levers of the brake rigging proper — a " brake "- 
cylinder with movable piston ajid rod. 

3. Connecting rods and multiplying levers to transmit and 
increase the pressure exerted on the brake piston — called the 
foundation brake-gear. 

4. Means for transmitting the force exerted through the 
foundation brake-gear to the wheels as retarding force or " pull " 
— this being the function of the brake-shoes as already explained. 

In the case of the cars, the hand-operated brake, with various 
forms of foundation brake-gear, met all practical requirements 
for some time, though a general realization of the necessity 
for some form of power-brakes is attested by the fact that 
during the first 70 years of the Nineteenth Century about 650 
patents were granted in England for various kinds of brakes 
for railroad service. 

PNEUMATIC BRAKE. 

The first pneumatic-brake was a vacuum-brake patented by 
James Nasmyth and Charles May in 1844. In 1848 Samuel C. 
Lister patented an air-brake having an axle-driven pump and 
suitable reservoir to be> placed on the " Guard's Carriage," and 
suitable cylinder, pipe, and connections on the various cars to 
constitute a straight-air equipment much the same as that which 
followed many years after, except that it was designed to be 
operated by the guard and not by the engineer. 

Continuous Train-brake. — Of course, the earlier types 
of hand-brakes underwent considerable improvement, but while 
the majority of passenger, as well as freight cars, were 
braked by hand, as more and heavier cars came to be handled 
in the same . train, the necessity for a " continuous " brake 
or one capable of being put in action on the various cars 
comprising the train, at the will of the engineer himself, 
became more and more evident. Some of the various 
systems originating in this country were extensively tried and 
seemed to meet the conditions for which they were designed with 
various degrees of success. The "Creamer" brake (Fig. 5), 
which was brought into use in 1853, consisted of a large spiral 
spring attached to the brake-staff, at the end of the car, and 
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whicli was wound up Ijy the brakeman immediately after leaving 
a station. Attaclied to the mechanism was a cord which ran 
through the train to the engineer's cab, and the brake was so 
designed that when the engineer pulled the cord, the coil springs 
on each vehicle were released and these at once wound up chains 
leading to the foundation Ijrake-gear, tliereb)- bringing- the brake- 
wheels. 



shoes against the 



Fig. 
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Creamer brake, 1853. 



The " Lougiiridge Chain-Brake" (Fig. 6), which came into 
use in 1855, consisted of a system of rods and chains continuously 
connected throughout the train, as follows : On each vehicle 
were two pairs of small pulleys, each pair sliding toward the 
other upon an iron framework, but held apart by a spring; to 
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each pair was connected a top rod leading to the foundation 
brake-gear. Upon the engine was placed a drum connected by 
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a worm and gear to a small friction wheel ; when a lever in 
the engineer's cab was pulled this friction wheel was brought 
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into contact with tlie periphery of one of the driving-wheels, 
thereby causing the drum to wind up the chain and shorten 
its length throughout the train; in so doing the pulleys upon 
each vehicle were brought closer together, thereby applying the 
brakes. 

In addition to the above, various forms of continuous brakes, 
other than air-brakes, were tried to a greater or less extent 
from time to time. Among these may be mentioned the Smith 
Vacuum-Brake, the Westinghouse Vacuum-Brake, the Eames 
Vacuum-Brake, the Fay Mechanical-Brake, the Clark & Webb 
Chain-Brake, the Barker Hydraulic-Brake, the American Bufifer- 
Bral<e, the Widdifield & Button Friction Buffer-Brake, the Rote 
Buffer-Brake, the Carpenter Electric Air-Brake, and the Card 
Electric-Brake. From the length of this list it will be seen 
that to give an adequate description of these various systems 
would be to occupy with matter of purely historical or curious 
interest, valuable space and the time of the reader which promise 
already to be overtaxed by the demands of modern practice 
and recent development. 

While these types of brakes were the result of much in- 
genuity and skill, and attained to a degree of success sufficient 
to prove the necessity for, and advantage of a reliable and 
efficient continuous brake, none of them satisfied enough of 
the fundamental requirements of a practicable, continuous brake 
to result in their universal acceptance as a standai^d in this 
country. 

The Air-brake — Straight Air Type. — The first steps 
of the complete solution of the problem were taken, and 
a new line of development opened up, by the genius of 
Mr. George Westinghouse, who, in 1869 took out his first 
patents for the Westinghouse Non-Automatic Air-Brake, since 
generally designated as the " Straight Air-Brake." 

The source of power adopted for this system was the ex- 
pansive force or pressure of compressed air, obtained from a 
steam actuated air-pump placed upon the side of the engine, 
and a reservoir in which the compressed air could be stored. 
A pipe line from the reservoir was carried throughout the 
length of the train, connections between vehicles being- made 
by means of flexible -hose and couplings. Each vehicle was 
provided with a cast-iron cylinder, the piston rod of which 
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was connected to the brake-rigging in such a way that when 
the air was admitted to the cyhnder the piston was forced 
out and the brakes thereby apphed. A three-way cock or valve 
located in the engineer's cab by means of which compressed 
air could be admitted to the train pipe and thus to the cylinders 
on each car to apply the brakes; or the air already in the 
cylinders and train brake pipe could be discharged to the atmos- 
phere, thus releasing the brakes. 

An early form of the Straight Air-Brake is shown in Fig. 7. 
The air-pump is one of the first forms to come into general 
use, the so-called " trigger " or " jigger " valve motion and 
octagonal piston rod being features of particular interest. 

This type of apparatus has many good qualities and a very 
large degree of flexibility, that is, the increase or decrease of 

Pig. 7. 




Straight air-brake. 

the pressure or braking power, so-called, was under the con- 
trol of the operator to a very marked degree, but had short- 
comings which made it unsuitable for use on trains of any 
considerable length on account of the time required to apply 
and release the brake and the unequal braking effort throughout 
the train. More important still, the factor of safety was low ; as 
no warning was given in the event of the hose coming un- 
coupled, and a parted train meant no brakes. Thus it is seen 
that it lacked the first essential of an efficient brake, which is, 
that it must be its own " tell-tale." That is, if an accident occurs 
to the system, it must result in a brake application instead of 
a loss of the brake. 

PLAIN AUTOMATIC AIR-BRAKE. 

In the natural process and development of railroads, the 
requirements became more exacting and it was evident that the 
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straight air-brake was not only unsuitable for the reasons just 
mentioned, but that it lacked essential features. It became 
more than ever important that the brake must apply automatically, 
in case of the train parting. This was so fundamentally neces- 
sary that even if the flexibility of the straight air-brake had 
not already been lost to a large extent by the lengthening of the 
trains, it would have had to be abandoned because of the in- 
finitely greater safety inherent in a brake of the automatic type. 
Therefore, the straight air-brake, having served its purpose as 
an advance agent of something better, gave way to the automatic- 
brake, which afterwards came to be called the " plain automatic- 
brake," to distinguish it from a later type that locally reduced 
the brake pipe pressure, thus producing what is called " quick 
action." 



Fig. 8. 




PASSENSCn c, 



The " Westinghouse " plain automatic air-brake, 1872. 

The first form of this brake, probably the greatest advance 
ever made in the art, was invented and introduced by Mr. 
George Westinghouse in 1872 (Fig. 8). 

The automatic feature resulted from the obtaining of an 
indirect application of the brakes through the medium of a valve 
device called a triple valve, and an auxiliary storage reservoir, 
which were added to the brake cylinder on each car. All of the 
triple valves were connected together by a continuous pipe, called 
the brake-pipe, with flexible connections between the cars; this 
pipe being charged with air whenever the brakes were in operative 
condition. By this means, the auxiliaiy reservoir was charged 
with compressed air for braking purposes on the vehicle to 
which it was attached; therefore, it was no longer necessary 
to transmit the air from the locomotive to the vehicle when 
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an application of the brakes was desired. The triple valve is 
the essential mechanical element in such a system, possessing the 
three functions of charging the auxiliary reservoir and of apply- 
ing and releasing the brakes in accordance with variations in 
the air pressure carried in the brake pipe; the medium for 
producing such operations as desired, being, for all general 
operations, a manually operated brake valve on the locomotive. 

By means of this valve the engineer could apply the brakes 
either tO' a part of their capacity, and by steps or graduations, 
or fully, by a continuous decrease of the brake pipe pressure, 
but he had no control of the release of the brakes (as with the 
straight air). The automatic brake releasing locally on each car, 
while the release of the straight air-brake was controlled on the 
engine. Therefore, one of the elements of flexibility possessed 
by the straight air-brake was lost, but, as has been said, this 
feature, had already been very much reduced in value by the 
lengthening of the train. 

Thus, through the instrumentality of the triple valve, the 
air-brake became automatic, which term applies to that applica- 
tion of the brakes which occurs through any material depletion 
from any cause of brake-pipe pressure, either at the will of 
the engineer, by hose parting, burst hose, leakage, or at the 
instance of the train crew, so that this system very materially 
increased the factor of safety and permitted the use of air-brakes 
on longer passenger trains, and on the already existing freight 
trains, in a way that was not possible with the straight air-brake 
equipment. 

Quick-action Automatic Air-brake. — This plain auto- 
matic brake was a great improvement in many respects 
over the straight air-brake, but chiefly from an emergency 
or safety stand-point, for much of the flexibility (that is, 
the ability of the operator to increase or decrease the cylinder 
pressure at will and for any desired number of times in rapid 
succession) for ordinary service brake operations had to be 
sacrificed. This brake served the purpose fairly well while trains 
were short, and speeds, weight and frequency low, but as these 
factors changed, its limitations became more and more apparent, 
particularly with reference to emergency operation. The ap- 
plication was too slow with long trains, and for reasons dif- 
fering only in degree from those which had affected the straight 
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air-brake. Thus when a quick application was attempted, the . 
shocks were great, nor was the stop as short as required. The 
reason for this slowness of operation was because the air in the 
brake pipe could not be quickly and uniformly reduced through- 
out its whole length ; this, because oi increased volume, frictional 
resistance, and the necessity of its travelling to the one outlet, 
which was through the brake valve at one end of the train. 
This limitation was overcome by the invention (in 1887) of the 
"quick action " triple valve and the equipment with which it 
was used came to be known therefore as the Quick-Action 
Automatic-Brake (Fig. 9). The "quick-action" triple valve 
was identical with the plain triple valve as far as service opera- 
tions were concerned, but differed from it in emergency in that 

Fig. 9. 




The " Westinghouse '' system quick-action automatic-brake, 1887. 



it automatically vented air from the brake pipe locally on each 
car. The rapid brake pipe reduction thus resulting is transmitted 
to the next triple valve and from it serially in the same manner 
to all the valves in the train, thereby reducing the time of full 
application to about one-sixth of what is inherent with plain 
triple valves on a 50-car train, and shocks were therefore cor- 
respondingly lessened and stops shortened. The reason for this 
is that the brake pipe reduction with the plain triple valve took 
place at only one point in the train instead of fifty as with the 
quick-action valve. 

The feature of serial venting of the brake pipe was so 
important that a second feature of this brake system, which the 
first mentioned made possible, was, and is to-day, overlooked 
by many, and perhaps is often not rated at its true value. This 
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feature was the then possible attainment of a different, and 
higher, braking power for emergency than for service applica- 
tions. Up to this time the cylinder pressure, or retarding force, 
attainable had been the same for both service and emergency 
applications, but now, since the brake pipe pressure vented could 
be, and, as a matter of fact, was vented intoi the brake cylinder 
with one form of the device, the pressure therein was materially 
increased whenever quick action took place. 

From' this it will be seen that to the automatic and graduat- 
ing features of the brake two others were added, namely, serial 
quick action and difference or increase in braking power be- 
tween service and emergency applications. All four of these are 
now generally recognized (though often not appreciated as they 
should be) as being fundamentally essential in a brake worthy 
the name. Moreover, these four features have had and still 
have great possibilities of extension and development. Attention 
should be called again to the wonderful adaptability of the 
original combination of brake cylinder, triple valve, and auxiliary 
reservoir to- the ever-increasing need of more powerful, and 
what naturally follows, a more flexible brake. It is truly re- 
markable that through all subsequent improvements not one of 
the original functions of the triple valve has been discarded, but 
that they have been extended and expanded and many new 
functions added. 

So far, the apparatus employed was the same for both pas- 
senger and freight cars, but the still greater frequency of trains, 
heavier vehicles, and higher speeds made it necessary to provide 
means whereby a still greater stopping power for passenger 
service might be available when needed, particularly for emer- 
gency applications. This was possible only by increasing the 
air pressure, since any other method would have made the brake 
too severe for low speeds ; in other words, the percentage of 
braking power per pound of cylinder pressure was already as 
great as practical operation would permit. 

THE HIGH-SPEED BRAKE. 

It was thought, however, that to increase the brake pipe 
pressure sufficiently tO' give the desired braking power would 
result in unpleasant or dangerous shocks, slid and flattened 
wheels, and other damage from the high brake-cylinder pressure 
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obtainable; therefore, this was not done until the valve known 
as the " high-speed reducing valve " was perfected in 1894. 
The principles utilized by this type of apparatus had been thor- 
oughly demonstrated by the classic Westinghouse-Galton tests 
in England in 1 878. These tests showed that, while the adhesion 
between the wheel and the rail, — which causes the wheels to 

Pig. 10. 

1 NOT£ 

SAr£TY VALVE FO/t £XTffA CARS IVH£N TCMPORAfflLY 
ATTACHeD TO H/GH SP££D BFfAH£ TffAINS AND 
NOT PROVIDES WtTH RCDUCING VALVE. 




H/SH SPEED BRAKE WEDUCMS VALVE 
ADJUSTED TO RETAIN 60 LBS PRESSURE 
IN THE BPAKE CYLINDER. 




PASSENCER CAR 

High-speed passenger brake. 

persist in their rotation, — is practically uniform at different 
speeds, the friction between the brake-shoe and the wheel, — which 
acts as a resistance to the rotation of the wheel, and thereby 
stops the train, — is considerably less when the wheels are re- 
volving rapidly than when they revolve slowly. It was thus 
demonstrated that a greater pressure not only could be safely 
applied to the wheels by the bralce-shoes, at high speeds, but 
also that such considerably greater brake-shoe pressure must be 
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applied to the wheels at high speeds, in order to then resist 
the motion of the train as effectively as it is resisted with a 
more moderate brake-shoe pressure at low speeds. This was 
accomplished by the use of a higher brake pipe air pressure 
with the standard Quick-Action apparatus, with only the ad- 
dition of a High-Speed Reducing Valve attached directly to 
the brake cylinders. This device was designed to limit the brake- 
cylinder pressure obtainable during a service application of the 
brakes to what was considered safe and necessary, but when 
an emergency application of the brakes was made, to permit the 
brake-cylinder pressure to rise .to a considerably higher value 
than the maximum permitted in a service application, and then 
to cause a gradual reduction of brake-cylinder pressure, quite 
slow at first, but becoming more rapid, so as to proportion, as 
far as possible, with such a device working on a fixed range, 
the blowdown of brake-cylinder pressure to the reduction in speed 
as the stopping point is approached. Superior stopping capacity 
was obtained as already stated, by increasing the brake-pipe air 
pressure from the generally adopted 70 pounds, as used with 
the Quick-Action Brake equipment, to no pounds, which in 
emergency applications and with the sizes to brake-cylinder then 
in use would give about 85 pounds cylinder pressure instead of 
about 60 pounds, or, in other words, raise the nominal per- 
centage of braking power from 90 to 125 per cent, of the weight 
of the vehicle. 

With this improved equipment when an emergency applica- 
tion was made, full cylinder pressure (85 pounds) was quickly 
obtained, but was automatically reduced to 60 pounds and held 
at this point by means of the automatic reducing valve. Thus, 
if the stop was long enough, the initial nominal percentage 
of braking power was 125 per cent., while the final was 90 per 
cent., but the actual retardation of the train kept fairly constant 
due to the difference in the retarding power of the shoes at 
high and low speeds already mentioned. Though the co- 
efficient of brake-shoe friction was known to be less at high 
speeds than at low speeds, it was predicted by many that much 
wheel sliding would result from raising the nominal power 
above 100 per cent, of the light weight of the car, but, on the 
contrary, wheel sliding was lessened and naturally so when the 
situation is analyzed. 
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In service applicatfons, the opening from the reducing valve 
was larger than in emergency application so that if such a 
reduction of brake-pipe pressure was made as would cause the 
brake-cylinder pressure to rise above 60 pounds, the reducing 
valve would open and vent the air, which otherwise would cause 
an undesirably high brake-cylinder pressure, to the atmosphere. 

This combination, with the quick-action triple valve, is 
known as the High-Speed Brake, and is illustrated in Fig. 10. 

RECENT DEVELOPMENTS IN TRAIN BRAKE APPARATUS. 

The typical brake equipments which have been mentioned, 
namely : straight-air, plain-automatic, quick-action-automatic 
and the high-speed brake, mark epochs during which the respec- 
tive equipments were each able to successfully meet the traffic 
requirements existing for the greater part of the periods during 
which they were supreme, but as the demands of service became 
steadily more severe, each in turn gave way to its successor, 
the improved equipment in each case being in its turn satisfactory 
for such a time as the conditions which brought it into being 
were not greatly changed. 

This growth, it will be noted, was along lines of improving 
the degree of efficiency of the fundamental functions of the 
original plain triple valve, either by increasing the air pressure 
carried for braking purposes, or by the aid of additions to the 
valve structure itself, or by the attachment of additional devices 
to existing apparatus, or by combination of two or more of the 
expedients just mentioned. 

With the high-speed brake, the practical limit to improve- 
ment along such lines was believed to have been reached. For 
some time little or no improvement was thought possible, and 
this was indeed a fact, so far as further progress along lines 
previously followed was concerned, for two reasons. ( i ) About 
all was then being obtained from the old type of brake that 
could be gotten from it with the mechanism and arrangement 
of apparatus then existing. (2) New conditions requiring more 
specialized apparatus and refinement of the service and em- 
ergency features of the brake, as well as of the safety and 
protective features, began to develop with a rapidity which made 
it evident that a turning point had been reached. 

As a matter of fact, it was rapidly becoming apparent, not 
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that the air-brake had advanced relatively to the requirements, 
but that it had not kept pace with the developments of locomotion. 
In other words, that even the most efficient brake of to-day is, 
at its best, not able to control and stop a train in the same 
distance as when the weight and length of the train was less 
than one-fourth of that to-day. That we have done as well as 
we have will be appreciated when it is considered that the length 
of the trains and the volume of air employed have rendered 
this vastly more difficult, as to service control, and the weight 
(which involves many factors) to the extent that it would re- 
quire at least twice the distance in which to stop if the old brake 
had to be used with present-day conditions. 

In addition to the increased weiglit and speed of trains. 




American type of locomotive, T879. 



there were, of course, increased number of parallel tracks and 
frequency of trains. These always bring with them Ijraking 
problems quite as difficult of solution, and as necessary to be 
solved, as those which proceeded them, particularly as the ten- 
dency is to neutralize or lower the value of many of the factors 
involved in producing and realizing retarding forces. 

It is difficult for one who has not given the subject careful 
thought to realize the great changes in railroad equipment and 
operative requirements which ha\'e taken place since the intro- 
duction of the air-brake, but it is onh' necessary to review briefly 
these past and present conditions in order to appreciate the 
necessity for a similar development and improvement of the 
apparatus used for controlling trains under these new conditions. 
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The following comparative tabulations comparing the con- 
ditions existing from 15 to 20 years ago^ and those of to-day 
with regard to extent of territory covered, capital involved, 
traffic handled, and so on, will perhaps illustrate the conditions 
that now have to be faced better than the mere statements which 
have just been made. 



Railroad Development from 


1889 TO 1909. 








18S9 


1909 


Increase, 
per cent. 




153.385 

195.958 

$7,366,745,000 

472,171,000 

539.639.000 

29,036 

829,885 

704.743 

$389,785,564 


234,182 

340,000 

$13,508,711,000 

880,764,000 

1,486,000,000 

57,220 

2,113.450 

1,524,000 

$1,003,270,000 

50,000 


52.7 


Miles of track .... 


63 
86 

17s 

97 
154 
116 

157 


5 




S 


Passengers carried 

Tons freight carried 

Locomotives, number 

Freight cars, number 

Employees, number 

Employees, compensation . . 
Electric railways 


5 
3 

6 
2 
4 









Locomotives. — The weight on drivers has increased since the 
air-brake was invented, from 25,000 pounds to 400,000 pounds. 

The drawbar pull of locomotive has increased, since the 
air-brake was invented, from 10,000 pounds to 100,000 pounds. 

The total weight of locomotives at the present time is as high 
as 700,000 pounds. 

Working steam-pressure has increased, since the air-brake 
was invented, from 125 pounds to 225 pounds. 

Passenger Cars. — Weights have increased from 20,000 
pounds to 150,000 pounds. 

Freight Cars. — Light weight of car has increased from 12,000 
pounds to 50,000 pounds. 

Capacity has increased in the last twenty years from 40,000 
pounds to 150,000 pounds. 

Passenger Trains. — Schedule speeds have increased from 
30 miles per hour to 65 miles per hour. 

The energy contained in a five-car train of cars having an 
average light weight of 30,000 pounds per car, running at a 
speed of 35 miles per hour, is 6,200,000 foot-pounds; of cars 
having average weight of 127,000 pounds, rtmning at 65 miles 
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per hour is 90,000,000 foot-pounds, or nearly fifteen times as 
much. 

Freight Trains. — Train length has increased from 15 to 130 
cars ; total weight has increased from 300 tO' 4500 tons and in 
certain places in the country as high as 6000 tons. 

To take an actual example illustrating what is involved in 
the handling of a modern high-speed passenger train, the fol- 
lowing figures are taken from- the official report of the Emergency 
Brake Tests carried on about a year ago by the Lake Shore & 
Michigan Southern Railway near Toledo : 

Lake Shore Emergency Brake Test. 



Types of vehicles used 



Weights 



Pounds 



Tons 



Locomotive — Pacific type . 

BujEEet car 

Dining car 

Sleeping car average 



300,000 
149,000 
140,000 
125,000 



194.0 

74. S 

70.0 
62. s 



Energy in Test Trains. 



Make up of train 

Train weight — pounds 

Train weight — tons 

Energy at 40 M. P. H., foot-pounds. , 
"P. H., foot-tons 

P. H., foot-pounds. , 

P. H., foot-tons 

P. H., foot-pounds. . 

P. H., foot-tons 



Energy at 40 M. 
Energy at 60 M. 
Energy at 60 M. : 
Energy at 80 M. ! 
Energy at 80 M. 



Loco. — 10 Cars 
2,068,000 

1,034 

116,816,000 

58,408 

262,836,000 

131,418 

467,264,000 

233,632 



I Loco. — 6 Cars 
1,180,000 

59° 
,S9S,2oo 

33,298 

,839,200 

74,920 

), 380, 800 

133,190 



66,, 

149,' 
266, 



Kinetic Energy* in Train op 2 Locomotives, 10 Cars of 75 Tons Weight 
Each — Total Train Weight, 2,276,000 lbs. or 1138 Tons. 



Speed 

Foot-pounds . 
Foot-tons . . . . 



40 M. P. H. 

127,811,200 

63,906 



60 M. P. H. 

287,575,200 

143,787 



80 M. P. H. 

511,244,800 

255,622 



♦Kinetic energy in train of 2 locomotives, 10 cars of 75 tons weight each — at speed of 8c 
M. P. H. is sufficient to raise i ton to a height of over 48 miles. 

Figs. II and 12 present a tangible evidence illustrative of 
both extremes of the locomotive development indicated in the 
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tabulations just given. The view of the American type of 
locomotive (Fig. u), representing standard practice of 1879 
can, no doubt, be recalled by many of you, and is in marked 
contrast with the enormous Mallet Compound Locomotives (Fig. 
12) now being introduced for lieavy grade ser\'ice in various 
parts of the country. 

Similarly the progress in passenger car construction is 
graphically illustrated Ijy comparing the typical passenger car 
of 1872 (Fig. 13), with the modern all-steel Pullman cars (Fig. 
14), which are being built at the present da3^ 

All the figures which have been given report the maximum 
conditions of past and present-day practice. As tlie application 
of the air-brake has made this enormous increase in weight of 
vehicles, speeds and length of trains possible, it is fair to assume 



Fig. i: 




Mallet articulated locomotive — Atchison, Topcka Sz Santa Fe Ry., 1909. 



that the stopping power of the brake should logically be increased 
in the same proportion so that the stop should be no longer now 
than formerly. 

A concrete example \\ill show forcibly just what this in- 
crease in weight and speed means to the operating department 
if it is to accomplish such an admittedly desirable and neces- 
sary result. Under the former conditions the factor of safety 
in train handling was none too large and it is therefore im- 
perative that we should be able to control modern trains under 
present existing conditions at least as safel)' and efficiently as 
formerly. To do this for five 150,000 pound coaches, running 
at 65 miles per hour, it is necessary to provide means for con- 
trolling over 105,000,000 foot-pounds of energy as compared 
with about 6,000,000 foot-pounds which was all that the brake 
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of the early 70's was called upon to control with a train of 
five 30,000 pounds cars running at 35 miles per hour. When 
the locomotive used with each train is considered, the total 



Fig. 13. 
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p. R. R. passenger car, 1872. 



energy in the modern train becomes 162,000,000 foot-pounds, 
as compare with 9,800,000 foot-pounds, for the train of 1870. 
It is not surprising, therefore, that the air-brake art demands 
thoughtful consideration from trained and experienced minds if 




All-steel sleeping car, 1909. 



the railroad traffic of to-day is to be handled with a safety and 
efficiency even equal to that of the days when the total energy 
to be reckoned with was one-sixteenth as great. Here again is 
found another close resemblance between the conditions of ac- 
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celeration and deceleration, for while it is not especially difficult 
to increase the speed of a train from 30 miles per hour to 40 
miles per hour, it requires the expenditure of a vastly greater 
amount of energy to increase its speed from 60 miles per hour 
to 70 miles per hour. In like manner, for any given increase 
in speed the additional amount of work required from the brake 
increases in geometrical, not arithmetical, ratio. If, therefore, 
the improvements for the heavier trains and higher speeds of 
to-day permit of stopping in about the same distance as could 
be done with the brake of forty years ago and the trains of 
that period, we should congratulate ourselves for having held 
our own. 

The mere power necessary to accomplish this is indicated by 
the fact that the total maximum force exerted by the push rod 
of the 6-inch brake cylinder of the early equipment was 1700 
pounds, while with the 18-inch brake cylinder used on the 
heaviest coaches, a maximum pressure on the push rod of 26,670 
pounds is obtainable. 

From the above it will be apparent that many features must 
now be considered which did not exist when the brake was first 
invented, particularly on the physical side of the problem. For 
example, the amount of work required per square inch of brake- 
shoe surface is vastly greater. This is a condition seldom 
noticed and yet of great significance, as the following comparison 
will show : 

In the report of one of the earliest brake trials in the history 
of continuous brakes, made an the Midland Railway, near 
Newark, England, in 1875, ^^^ since known as the Newark 
trials (see London Engineering, June and July, 1875), the 
best brake performance recorded was by a train of fifteen, 
21,000 pound (average), four-wheel carriages, fitted with a 
primitive form of the Westinghouse Automatic-Brake, one cast- 
iron brake-shoe being used on each wheel. The best stop was 
made from a speed of 52 miles per hour, the highest that could 
be obtained, in 18 seconds. This corresponds to the performance 
of 15.5 foot-tons (i ton = 2000 pounds) of work per brake- 
shoe per second. In the classic Westinghouse-Galton Tests, 
which followed about three years later, the four-wheel experi- 
mental van used weighed 18,200 pounds, and was fitted with 
two brake-shoes per wheel, and from 52 miles per hour speed a 
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Stop was made by the experimental van alone in ii^ seconds. 
Here the work done was only about 9 foot-tons per brake-shoe 
per second. 

In 1875 the standard passenger coach used on the Pennsyl- 
vania Railroad weighed 39,300 pounds and had four-wheel 
trucks. To stop such a car from 52 miles per hour in 18 
seconds required only 12.33 foot-tons of work per brake-shoe 
per second, or less than that required of the brake on the Midland 
train, although the Peinnsylvania car weighed 18,300 pounds 
more. This is, of course, due to the fact that eight brake-shoes 
were available to do the work as compared with four on the 
Midland train. Contrast with the above a modern Pullman 
car weighing 160,000 pounds and having six-wheel trucks. As- 
suming that from a speed of 52 miles per hour that stop could 
be made in 18 seconds, the work done would be 33.5 foot-tons 
per brake-shoe per second, or over twice that of the Midland 
train, notwithstanding that there are twelve brake-shoes to do 
the work instead of four. But modern express train speed may 
be expected tO' run frequently as high as 75 miles per hour, 
and to make a stop from this speed m, say, 35 seconds (which 
would be about the best that could be expected of the modern 
brake equipment) would require 35.8 foot-tons per brake-shoe 
per second, or not much more than when a stop of 52 miles 
per hour is made in 18 seconds. But to have the same absolute 
safety under modem conditions as existed in 1875 would re- 
quire the stop to be made in at least the same distance and time, 
and to stop a 160,000 pound car from a speed of 75 miles per 
hour in 18 seconds would require 69.6 foot-tons of work per 
brake-shoe per second or about 4}4 times that in the case of 
the Midland train. (What this would be with four-wheeled 
trucks will be appreciated. ) Even if two brake-shoes per wheel 
could be used instead of one there would still be over twice as 
much work to be performed by each brake-shoe per second if 
the trains of to-day at the speeds now attained in high speed 
service are to be relatively as safe as the trains of thirty years 
ago. Furthermore, the use of two brake-shoes per wheel is rapidly 
becoming a necessity, not only on account of the great amount 
of work. to be performed by each brake-shoe, but also because 
the brake-shoe pressure required by modern conditions of high 
speeds and heavy cars are becoming so great that in emergency 
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applications a heavier pressure is brought to bear on the axle 
and journals by the brake-shoe acting on one side of the wheel 
only than is imposed by the weight of the car resting on that 
wheel. 

The tremendous significance of this increase is but faintly 
appreciated by those who have not had occasion to investigate 
this aspect of the question. The cast-iron brake-shoe is to-day 
practically as it was thirty years ago. This brake-shoe must 
now do four times the amount of work by frictional resistance 
to the rotation of the wheel, as formerly. It may be suggested, 
" Why not quadruple the pressure per brake-shoe ? " But it 
also must be remembered that when the brake-shoe pressure is 
multiplied by four, the actual retarding force is by no means 
quadrupled, for three vital adverse factors are being overlooked, 
viz., the effect of increased pressure, speed, and temperature on 
the coefficient of friction between the wheel and the shoe. 
Exactly how great an effect these may have depends, of course, 
on the conditions of the individual test considered, but that it 
is considerable is proven by the fact that a stop from a speed 
of 75 miles per hour in 35 to 40 seconds, instead of 18 seconds, 
is considered good, although we are to-day using about four 
and a half times as much pressure per brake-shoe as at the 
Newark trials. 

It should be stated that in the above no account is taken of 
the rotative energy of the wheels. If this is considered, it is 
evident that the figure for the modern conditions will be still 
more in excess of those of the past, on account of the wheels 
being heavier and there being a greater number per vehicle. 

Again, the difference in air pressure required to apply and 
release the brakes is by no means as easily obtained to-day as 
when trains were short. The air supply required for short 
trains with small brake cylinders was obtained with compressors 
of much less capacity than is now necessary to employ : witness, 
the 6-inch air compressor of the early days of the brake, with 
its capacity of not over 15 cubic feet per minute, as compared 
with the cross compound compressors now used, which have ap- 
proximately 125 cubic feet capacity. The reason for this is 
apparent, for it required, not so very long ago, about 25 to 30 
cubic feet for a full application ; now 300 cubic feet is required. 



Air-brake and Progress in Locomotion. 31 

In general, therefore, it may be stated that the brake which 
would satisfactorily meet the requirements of past conditions, 
falls short of the maximum efficiency which it should be possible 
to attain, in proportion to the increase of the requirements of 
present-day service over those of the past. The force of this 
is apparent when the same comparison is made between the 
locomotives and cars of the two periods. This review of the 
conditions and what is involved, which is by no means ex- 
haustive, will serve to give an idea of the magnitude of the 
problem. How the various stages of this problem have been 
solved, as they presented themselves, will be shown best by a 
consideration of the features and functions of the improved 
brake apparatus that was developed to meet the conditions just 
explained. 

CHARACTERISTICS OF IMPROVED BRAKE EQUIPMENTS. 

While the fundamental service and emergency features of 
the Quick-Actioia Brake could not be departed from on account 
of the necessity for maintaining interchangeability of apparatus, 
and operative function, it was clear that in designing a brake 
to meet these new conditions, not only must the fundamental 
features of the old brake be improved to their highest pos- 
sible efficiency, but new features must be added, some of which 
were inherently impossible if the design were carried on along 
the lines previously laid down. 

With this as a point of departure, the development of the 
newer forms of locomotive, passenger and freight brakes was 
commenced and it may be fairly said that with the incorporation 
of the new features which will be explained in what follows, 
the air-brake entered upon a new era of its history as distinct 
fromi that which preceded, covering the progress of the art 
from the development of the plain automatic brake to the high- 
speed brake, as that era was distinct from those of the straight 
air-brake and of the hand-brake which marked the earlier his- 
tory of the art. 

Briefly stated the recognition of the new principles required 
by the changed conditions referred to, led, in the case of the 
passenger brake, to the incorporation of the following features 
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in addition to those characteristic of the previous form of 
equipment: (See Fig. 15.) 

1. Quiclc rise of brake-cylinder pressure so that the braking 
power may reach its maximum in the shortest possible time 
and thus begin to be effective in reducing the speed when at 
its highest value — and when the increase in distance run before 
coming to a stop is greatest for every second's delay. 

2. Uniform braking power on all cars, irrespective of size 
of equipment and variation in piston travel, thus contributing 
largely to the convenience and comfort of passengers, as well 

Fig. 15. 
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Improved passenger brake equipment, type " LN.' 



as making the brake more reliable and therefore easier to 
manipulate. 

3. Maintenance of both service and emergency-brake cylinder 
pressures up to the capacity of the ample storage reservoirs of 
the cars. This is of the greatest advantage in overcoming the 
ever present and often serious depletion of brake-cylinder pres- 
sure by packing-leather leakage. 

4. Predetermined and fixed limiting of maximum service 
braking power, without a safety valve or other blow-off device. 
This maintains the proper margin between the power of service 
and emergency applications and tends to reduce wheel sliding 
without wasting air and with a minimum of apparatus thus 
resulting in economy both of operation and maintenance. 
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5. Quick service feature to compensate for increased length 
of train and bring about more prompt, uniform and certain 
application of brakes. 

6. Quick recharge of the auxiliary reservoirs to offset longer 
trains and larger cylinders and reservoirs and insure a prompt 
application of the brakes when desired and prevent the depletion 
of the auxiliary resei-voir pressure. 

7. Graduated release feature to add to the flexibility of 
the brake by making it possible to graduate the brakes ofif as 
well as on and so to handle the train more smoothly, with a 
greater saving of time, and a reduction in the amount of wheel 
sliding. 

8. Much higher brake-cylinder pressure obtained in emergency 
for the same brake-pipe pressure carried, which pressure is main- 
tained and retained during the complete stop, thus materially 
shortening the stops and adding greatly to the safety of the 
trains. 

9. Automatic emergency application on depletion of brake- 
pipe pressure. This is a safety and protective feature of 
great value, in that it insures sufficient braking power being 
automatically obtained to bring the train to a stop in case the 
system, is depleted below a predetermined pressure either by 
careless manipulation or accidentally. 

10. Full emergency braking power at any time, thus placing 
the maximum stopping power the brake has to offer at all times 
ready for use by the engineer whenever an emergency arises, 
irrespective of what may have preceded. 

11. Separation of service and emergency features so that 
the necessary flexibility for service applications can be obtained 
without impairing in the slightest the emergency features of 
the equipment and conversely, so that undesired quick action is 
practically impossible. 

12. High maximum braking power secured with low total 
leverage, with correspondingly greater over-all efficiency of the 
brake. 

13. Better mechanical design resulting in more uniform wear 
of parts and ease of access for removal or repairs. 

In the case of the freight brake, the change in the conditions 
which require a change in apparatus were in the direction of 
greatly increased length of trains, and difference between the 
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light and loaded weights of the cars. The features of the new- 
freight brake were therefore de\-eloped with particular reference 
to those considerations as follows: (See Fig. i6. ) 

1. Ability to apph' and release the brakes without fear of 
shocks, under conditions where thev are certain with the old 
brake, g'ives an added value to all rolling stock. 

2. As only a comparativel}'' light reduction is recjuired with 
the c]nick service valves to apply all the brakes and with uniform 
cylinder pressure, there is not sufficient braking power developed 
in any one part of the train to cause the slack to run in or out 
severely. On the other hand, with the old brake, a heavy re- 
duction is required to apply the Ijrake at the rear of a long 

Fir,. i6. 




Tyrie " K '' freight triple valve. 

train, the effect of which is t(j buncli the slack severel)? with 
consecjuent running out again as the brakes take hold at the 
rear and the draft springs recoil. As shock is the complement 
of time and the place where the retarding force is developed, 
it will be seen that shocks, due to brake applications, will be 
greatly reduced with the new valve, for while the time required 
to dissipate the energy of the moving train will be the same, 
the distribution of the braking power will be different, as it 
will be divided among all the vehicles in the train instead of 
first one end and then at the other. 

3. Because more applications and release can be made in the 
same time with the new brake than with the old — much better 
control and safer operation of the long trains are obtained. 
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4. On account of the uniform release feature, and because 
a maximum or full service application of the brake is seldom 
required with the new brake, the release is more prompt and 
certain at the rear (which, as has been shown, is the vital place 
of a long train), and the number of " stuck brakes," flat wheels, 
and shocks are greatly reduced, particularly as no damage can 
be caused by the engineer opening the throttle before the brakes 
at the rear have released. 

5. The uniform recharge feature assists in this, inasmuch as 
the number of " stuck brakes " (resulting from a re-application 
due to over-charging after a release) is reduced and more equal 
response of all the brakes secured for subsequent application. 

6. The quick service feature makes possible much shorter 
stops, which is important at all times, but particularly where 
block signals are in use. This makes unnecessary quick action 
applications of the brake except in cases of actual danger. 

7. The uniform release feature in grade work to a large 
degree acts as an automatic retaining valve, which is one of 
the factors in the increased control. 

8. The unifoiTnity of application and release tends to re- 
duce the serious efifects of the wide difference of braking power 
with loaded and empty cars in the same train. 

9. That vital factor in train control, the personal equation, 
is made more uniform; as less skill and judgment is required 
to get good results, while lack of these cannot result in so 
much harm. 

10. As the air requii'ed to obtain the same control is only 
one-third of that required by the old brake, there is much less 
danger of the supply being inadequate, and with brakes in a 
reasonably operative condition, there is more likelihood of the 
engineer stalling or stopping than of " losing his air." 

11. Much shifting of lading and breaking-in-two now caused, 
independent of the brake, by stopping and starting, will be 
eliminated, as slow downs instead of stops can be made. 

12. More tonnage can be handled, and at higher and more 
uniform speeds, with safety, than has heretofore been possible. 

13. Accidents, due to broken wheels, will be fewer, as with 
the new valve each brake does nearer its share of the work; thus, 
the excessive heating, due to hand brakes being used, or a few 
brakes doing the work, no longer takes place. 
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14. (a) The old valves are greatly helped by the new ones 
when mixed in a train. (b) The new features are simply 
additions to the old valves, the fundamental operative func- 
tions and principles remaining the same as in previous forms. 

15. With the empty and load brake, greatly increased ton- 
nage can be handled, with equal or even more safety and for 
mixed empties and loads in the same train the elimination of 
damaging stresses due to inequality of braking power on empty 
and loaded cars. The characteristics of this equipment and its 
peculiar advantages merit a more extended description which 
will follow a little further on. 

In the case of the locomotive brake, the new features char- 
acteristic of the improved equipment were naturally in part 
due to the necessity for bringing the locomotive equipment up 
to an equal efficiency with the improved passenger and freight 
brake apparatus as just outlined. 

In addition, however, certain desirable operative features had 
long been recognized, but remained impracticable until the es- 
tablishment of a new basis for design afforded an opportunity 
for including in a compact and mechanically satisfactory com- 
bination of parts, all that previous experience had shown to be 
desirable in an efficient locomotive brake (see Fig. 17). Briefly 
stated these are as follows : 

1. Either entirely independent or simultaneous operation of 
the train and locomotive brakes as may be desired, thus per- 
mitting of much greater degree of convenience and flexibility 
in handling long trains, especially on grades, in switching, etc. 

2. Maintenance of brake-cylinder pressure whether partial 
or full application, up to the capacity of the compressor, thus 
insuring that the desired amount of braking power on the 
engine will be obtained and maintained irrespective of the 
leakage which is so difficult to prevent in the case of locomotive 
brake cylinders especially. 

3. Uniform brake-cylinder pressure in all brake cylinders 
on the locomotive, irrespective of piston travel, number of 
cylinders or leakage, thus doing away with the necessity for 
different size or type of operating mechanism for different 
sizes of cylinders or types of locomotives as well as insuring 
against variations in braking power due to differences in piston 
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travel, which must always be reckoned with on account of the 
brake-shoe wear or neglect in adjustment. 




S 



4. Predetermined and desirable increase in emergency brake- 
cylinder pressure over the maximum obtainable in service, thus 
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securing for the locomotive brake ec[uipment an advantage long 
recognized as fundamental for all car-brake equipments. 

5. Automatic protection against loss of air required for 
braking due to brake-valve handle being left in lap position by- 
mistake. 

6. Graduated release feature for the locomotive brakes which 
will then work in harmony with the new graduated release type 
of passenger car brake. 

That the above features are all in the direction of increased 
convenience, economy and safety in the handling of both pas- 
senger and freight traffic, is self-evident, but when it is further 
considered that these advantageous improvements have been in- 
corporated in a combination of apparatus less complicated and 

Fig. 18. 
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Diagram of development of air-brake efficiency since"i869. 

with fewer number of parts than required by the old equipment 
at its best and that the mechanical design and arrangement 
of parts has been greatly improved with respect to minimizing 
the wear due to ordinary service and in increased ease of main- 
tenance and repairs, it will be seen that the character and degree 
of the improvements which have been made are in accord with, 
and not antagonistic to, the demands of modern railroad service 
for apparatus of the highest efficiency coupled with a maximum 
of economy and a minimum of complexity. 

To consider for a moment the quantitative results of the im- 
provements which have been mentioned as evidenced by the com- 
parative stopping distances of trains equipped with the types 
of brakes referred to. The diagram (Fig. 18), shows concretely 
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Fig. 19. 




500 1000 

1_EN<STH OF STOP IN FEET 



^50000 L0 CAR 

(V* 
5)5 

^B^OOOUB CAR 

t 30000LB Car 


STOPS F-ROM ©0 M.P.H. 1 

















































































































































S^o MOO /Soo 2000 

LEN&TH OF STOP IN FE£T 

Comparative retardation curves and braking power chart for trains of 1875 and 1907. 



Date 


Speed 

in 
M.P.H. 


Length 

of 

stop 

in feet 


Time 

of 

stop 

in sec. 


Weight 

trains, 
tons 


Work in ft.-tons performed by brakes 


B. P., 


Total 


Per sec. 


Per brake-shoe 
per sec. 


per cent. 


187s 


s6.o 


1020 


22.0 


227 


23900 


1086.4 


14.70 


82.8 


1907 


57-3 


954 


18.7 


SS9 


61300 


3278.0 


28.7s 


ISO.O 



Dotted ctirve shows stop on Midland Railway, 1875, with the Westinghouse Automatic- 
Brake. 

Full-line curve shows stop made on W. J. and S. R. R., 1907, with the Westinghouse 
'*LN" Brake. 

Had the braking power as shown in the last column of the table and represented by the 
full-line curve, been 134 per cent, instead of 150 per cent., the two stops would have been 
the same. 
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the relative efEciency of the various forms of brakes for passen- 
ger trains, the difference in the length of the lines corresponding 
approximately to the reduction of distance required in which to 
stop a given train of one locomotive and six cars from a speed 
of 60 miles per hour since the introduction of the air-brake. If 
the diagram were inverted so that it is viewed upside down, a 
fair idea will be obtained of what the relation between the stops 
would have been through the respective periods of train develop- 
ment had there been no change in the air-brake since first applied. 

The tendency of modern rolling stock to lower brake efficiency 
is further illustrated in Fig. 19. The retardation curves show 
the stopping distance from about the same initial speed of a train 
composed of cars weighing 30,000 pounds and braking at 83 per 
cent, and a train of 84,000 pounds cars braking at 150 per cent. 
It will be seen that notwithstanding the 60 per cent, greater 
braking power of the heavier train, the difference in stop is not 
greatly in its favor. The reason for this is clear when it is con- 
sidered that the work done during the stop for the light train 
was 14.5 foot-tons per brake-shoe per second while with the heavy 
train it was 29 foot-tons per brake-shoe per second, which shows 
that under modem conditions each brake-shoe is doing about 
twice the amount of work required formerly in order to make 
approximately the same stop, which consequently lowered the 
coeiBcient of friction and thus tended to equalize the actual re- 
tarding forces developed in the two cases. 

The diagram below the comparative curves shows, first, the 
length of stop for light train with the equipment of its day; 
second, what the stop would have been with the heavier train 
had there been no change in brake equipment to correspond to the 
increased weight of train ; third, what braking power was actually 
required to stop the heavy train in the distance the light- train was 
stopped with its brake equipment; and fourth, what the stop of 
the light train would be if it were possible to apply to it the brake 
equipment required for the heavy train. This is a significant and 
all-sufficient example of what is required to meet modern condi- 
tions as efifectively as they were provided for in the past. 

CONTROL VALVE EQUIPMENT. 

With the introduction of heavy sleeping cars and passenger 
equipment cars carrying heavy motive power apparatus such as 
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self-contained motor cars, not only were the factors above men- 
tioned, which tend to lower brake efficiency, aggravated to a 
marked degree, but limiting conditions were encountered in other 
directions. The brake force required to control such heavy 
(135,000 to 170,000 pound) cars with approximately the same 
effectiveness obtainable with the apparatus used on lighter cars 
became so great as to exceed the capacity of a single brake-cylin- 
der even with the highest brake-cylinder pressure and greatest 
multiplication of its power by leverage that could be permitted. 

The single brake-cylinder had already reached a maximum of 
18 inches in diameter and it was generally agreed that a larger 
size brake-cylinder wotild be impracticable from a manufacturing, 
operative and maintenance stand-point. 

With 100 to 105 pounds brake-cylinder pressure being ob- 
tained from no pounds brake-pipe pressure carried there was 
little hope of raising the cjdinder pressure higher and no material 
or permanent improvement in the general condition would result 
even if the full no pounds could be realized in the brake- 
cylinders. 

There was no suggestion of an increase in brake-pipe pres- 
sure above the present standard, it being universally recognized 
that no pounds was about as high as could safely and economi- 
cally be used with the type of apparatus and fixtures in general 
service. 

The multiplication of the brake-cylinder pressure through the 
leverage of the foundation brake rigging had been carried, in 
many cases, beyond the recommended 9 to i maximum simply 
because it -was the most obvious, simplest, and most convenient 
means of providing the heaviest cars with a proportionate braking 
power approaching that used on lighter cars. The evils of this 
expedient soon became manifest in dragging brake-shoes, " slow 
release " and trouble in keeping the brake rigging properly ad- 
justed. Most important of all, from a safety stand-point, was the 
efifect of this high leverage ratio in multiplying the losses due to 
lost motion in the rigging or truck members, brake-shoe move- 
ment and so on, the result of which was evidenced in excessive 
false piston travel and consequent failure to obtain the maximum 
brake-cylinder pressure contemplated in the design, or still more 
serious loss in braking powei' due to the piston travelling sO' far as 
to bottom on the cylinder head. 

These and other mechanical limitations therefore barred fur- 
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ther progress in this direction and two alternatives remained, 
viz. : 

1. To increase the effectiveness of the single brake-cylinder 
as far as possible by using two brake-shoes per wheel (clasp 
brake). 

2. To use two brake-cylinders per car. 

While the first of these alternatives would undoubtedly be 
of some assistance, there are objections to this design, not the 
least of which is a reasonable doubt whether the acknowledged 
theoretical advantages of the clasp brake would prove to be prac- 
ticable ; and a reasonable certainty that no matter to what extent 
its theoretical advantages might be realized in practice, the maxi- 
mum increase in efficiency thus afforded could not be sufficient to 
meet the demands of conditions already existing, to say nothing 
of the possibilities of the future. 

On the other hand, the two-brake-cylinder proposition did not 
necessarily involve any new or untried principles, since two com- 
plete equipments of the type already in service might be used, one 
for each end of the car. This would provide ample stopping 
power for existing conditions and lend itself readily to extension, 
as still more severe demands might arise. It was therefore 
recognized that such an arrangement offered the best solution 
of the problem of the proper air-brake equipment for passenger 
cars weighing 130,000 pounds or over. Furthermore, it was 
seen that a single valve mechanism to control the admission of 
air to and release of air from the two-brake-cylinders would 
possess such marked advantages over a complete double equip- 
ment for each car as to make a satisfactory and practicable de- 
sign of such a valve greatly to be desired. In reality, the success 
and scope of the two-cylinder arrangement depended wholly on 
the characteristics of the valve device adopted for this purpose. 

It was but logical that, in the first practical solution of this 
problem, use was made of the same principles, both of construc- 
tion and operation, as had been embodied in a valve device already 
in use for some years and giving the best of satisfaction under 
conditions quite similar to those of the two-cylinder passenger- 
car equipment. While this valve (the distributing valve of the 
" ET " locomotive brake equipment) was particularly designed 
to operate in connection with two or more brake-cylinders on loco- 
motives, its distinctive operative features were equally advan- 
tageous for passenger car service. Consequently, when the in- 
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troduction of 85-ton multiple unit electric motor cars on the 
N. Y., N. H. & H. R. R. electric zone called for a correspondingly 
effective form of brake apparatus, of necessity using two-brake- 
cylinders, the valve mechanism adopted was a modification of the 
distributing valve type, the changes being only such as were 
required to adapt this device to passenger train service. From 
the start, its performance under the severe demands of suburban 
electric service was so satisfactory as to thoroughly establish 
the advantages of this type of equipment for the high braking 
efforts and large brake-cylinders required by the heavier classes of 
cars. It is hardly necessary, however, to go further into detail 
regarding its construction or operation, first, because the design 
of its operating mechanism resembles so closely that of the dis- 
tributing valve, and, second, since it served to mark one stage 
only in the development of a distinct type of brake apparatus for 
such service. 

As already stated, with the advent of passenger carrying cars 
weighing from 135,000 to 150,000 pounds in steam road sei-vice 
and still heavier motor cars, carrying extraordinary dead weight 
loads, the limit of an efficient single-cylinder equipment was 
approached and in some cases exceeded. But this was only one 
phase of the situation. The demand of high speed heavy, train 
service had steadily advanced to a point where, for adequate con- 
trol, something more was required of a brake than merely maxi- 
mum retarding power in emergency. The ordinary service func- 
tions and automatic safety and protective features became hardly 
secondary in importance. Briefly stated, the requirements recog- 
nized as essential in a satisfactory brake for this modern service 
are as follows : 

1 . Automatic in action. 

2. Efficiency not materially affected by unequal piston travel 
or brake-cylinder leakage. 

3. Prompt serial service action. 

4. Graduated release. 

5. Quick recharge and consequent ready response of brakes 
to any brake-pipe reduction made at any time. 

6. Predetermined and fixed flexibility for service operation. 

7. Full emergency pressure obtainable at any time after a 
service application. 

8. Full emergency pressure applied automatically after any 
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predetermined brake-pipe reduction has been made after equaliza- 
tion. : 

9. Emergency braking power approximately 100 per cent, 
greater than the maximum obtainable in service applications. 

10. Maximum brake-cylinder pressure obtained in the least 
possible time. 

1 1 . Maximum brake-cylinder pressure maintained throughout 
the stop. 

12. Brake rigging designed for maximum efficiency. 

13. Adaptability to all classes and conditions of service. 
That certain of these requirements demanded radical changes 

in the valve device used on the car is evident from a comparison 
with the functions of the previous types already referred to, since 
but one of these required functions was contained in the older 
equipment. These considerations led to the latest development in 
the art of controlling heavy, high-speed passenger trains, employ- 
ing what is known as a control valve in the place of a triple valve, 
the functions of which have already been mentioned in brief. The 
complete equipment is known as the schedule " PC " and is illus- 
trated in Fig. 20. 

The relative stopping power of the most efficient of the old 
order of brake apparatus — the High-Speed Brake — and of the 
control valve apparatus, is contrastedj in the curves of Fig. 21. 
Both the comparative lengths of stopahd the relative rates of rise 
and amount of maximum braking power are shown by the curves. 
It will be noted that the 575 foot shorter stop made with the 
" PC " equipment resulted not only from the higher braking 
power utilized but also from the quicker rate at which this braking 
power was built up to its maximum value. As a result you will 
note that the speed of the high-speed equipment train when 
passing the point ( 1 100 foot stake) at which the " PC " equipment 
train stopped, was still as high as 38 miles per hour which means 
that 40 per cent, of its initial kinetic energy (at 60 miles per 
hour) still remained to be dissipated (harmlessly in this case, for- 
tunately) before the train could be stopped. 

Moreover, not only was this speed 38 miles per hour in the 
case of the high-speed equipment train, but it passed the 1 100- foot 
stake 6 seconds before the " PC " equipment train reached that 
point. That is to say, the train with the " PC " equipment came 
to a stop at the 11 00-foot stake 6 seconds after the train. equipped 
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with the high-speed equipment passed this point at a speed of 38 
miles per hour. At the time when the " PC " equipment train 
stopped at the 1 100-foot stake, the train equipped with the high- 
speed brake equipment was 275 feet further on, and still running 




at a speed of 28 miles per hour, which corresponds to a kinetic 
energy 22 per cent, of the original amount when the train was 
running at 60 miles per hour. 

SUMMARY OF DEVELOPMENT IN PASSENGER BRAKES. 

From what has gone before, it will be seen that the existence 
and development of the passenger brake devices which have been 
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described have come about, not spontaneously, of themselves, or 
solely for themselves, but in response to a definite need or for 
the purpose of accomphshing certain necessary and desired re- 
sults, the end in view always being the safeguarding- of life and 
property and increasing the facility, economy, and dispatch with 
which larger volumes of traffic can be handled. 

Briefly, the conditions to be overcome and the objects to be 
attained may be summarized as follows : 

Conditions. — Increased weights of trains, greatly decreasing 
the relative efficiency of the brake and increasing the energy to 
be overcome in bringing the train to a standstill. Of two trains 
on the same number of wheels having the same nominal per- 
centage of braking power, one being twice the weight of the other, 
the heavier train will run at least one-third further than the other. 

Higher running speeds, increasing the energy to be overcome 
in making the stop in proportion to the square of the speed and 
adding directly to the length of stop according to the time required 
to obtain effective braking power on the train as a whole. 

Greater frequency of trains, which increases the necessity 
for stopping quickly in a rapidly increasing ratio. Not only is it 
of more importance than ever that the trains be readily controlled 
within the distances between signals, but, with double- or four- 
track roads, there is the added greater possibility of the track on 
which the train is running being blocked by a break-in-two or 
other accident on the opposite track. 

Increasing insistence upon the comfort and convenience of 
passengers and at the same time for greater economy in the 
handling of traffic, the latter being, in the nature of things, an- 
tagonistic to the former, without some special provision is made, 
looking to ultimate rather than circumstantial economy. 

Object of Improvements. — In Service Applications. — (i) 
Much more flexible control of the train, greatly reducing possibil- 
ity for shocks. (2) More uniform braking power, reducing 
surging in trains and flat wheels. (3) Uniform and maintained 
cylinder pressure notwithstanding variations in piston travel or 
leaky brake-cylinders. (4) Constantly recharged auxiliary reser- 
voirs, which increase the safety to the highest degree. (5) 
Better protection against excessive braking power in service appli- 
cations. (6) Shorter, smoother and more accurate stops. 

In Emergency Applications. — (i) The human factor in the 
equation is reduced to a low point. (2) The increased per- 
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centage of braking power and prompt rise of brake-cylinder pres- 
sure compensates in a large degree for the decrease of the re- 
tarding force due to the increased work the brake-shoe now has 
to perform as compared with the old style brake. (3) Trains 
can be stopped in somewhere near the same distance as when 
the cars were lighter. (4) Emergency Pressure is Available 
Even After a Service Application Has Been Made to an Extent 
Never Before Attained. 

EMPTY AND LOAD BRAKES. 

Under modern freight-traffic conditions, as already stated, 
uniformity of retardation on all cars in a train is second in im- 
portance only to safety. This, with mixed loads and empties 
hauled in the same train, is inherently unobtainable with the type 
of brake considered thus far. It can only be accomplished by 
providing means whereby a relative braking force more nearly 
comparable to that of the empty car can be utilized on the par- 
tially or fully loaded car. 

The difference in braking power with the standard brake on 
loaded and empty cars would no doubt astonish anyone unfamiliar 
with the facts, but can be appreciated from the statement that the 
same brake-cylinder pressure which gives 60 per cent, braking 
power on an empty car will give only from 17 per cent, to 20 
per cent, when this same car is loaded to its full capacity. 

Four possible solutions are evident : 

I. Increased Brake-cylinder Pressure for a Given Reduction 
and on Equalization. — In order to leave the braking power on 
the empties the same as at present but increase that on the loaded 
car to the desired amount, it would not be permissible to increase 
the brake-pipe pressure above the 70 pounds at present generally 
used. Even if an increase above 70 potmds for this purpose were 
permissible, it would not give any higher - braking power for 
ordinary service reductions, but only afford a higher equalization 
pressure. An increase of reservoir volume, on the loaded car is 
therefore another alternative. The maximum increase in pres- 
sure then available could not be greater than 70 pounds which, 
while only -increasing the braking power on the loaded car by 
40 per cent, (that is, from, say, 20 per cent, to 28 per cent, braking 
power) at the most, would destroy many fundamental and neces- 
sary features of the brake. This is only about one-fifth or one- 
sixth of the increase required for a proper control of a car loaded 
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to from two to four times its light weight. This method is there- 
fore impracticable. 

2. Increase the Total Leverage Ratio Temporarily on the 
Loaded Car. — In the first place, the total leverage ratio for the 
heavier modern freight cars and standard equipment is already 
so high that any such increase as required by the loaded car 
would be prohibitive. Aside from this, however, it has been 
demonstrated by many repeated but futile attempts that none 
of the various schemes thus far proposed for mechanically chang- 
ing the leverage to correspond with the increase in car lading 
(whether automatically with an increase of car weight or man- 
ually) can be made practicable for actual road service. Once 
established for the light car, the same leverage ratio must be 
utilized for the loaded car. 

3. A combination of increased leverage ratio and auxiliary 
reservoir volume might be suggested as a possibility but it would 
evidently combine the objectionable features of the first and sec- 
ond alternatives just mentioned in such a manner as to aggravate 
the undesirable effects of each. This method, therefore, fails 
to afford the relief sought. 

A fourth possibility remains, viz. : 

4. A Second Brake-cylinder to be Added to the Ordinary 
Brake-cylinder to Control the Load. — A number of equipments 
of this type, of varying form, are being successfully operated on 
a number of railroads, particularly in mountain grade service, 
where the additional braking power thus provided is of advantage 
in increasing the amount of tonnage handled in a given time down 
the grade. It will be of interest to state, in outline only, the 
characteristic features of forms which have proven successful. 

1 . Two bralce-cylinders per car are used, one for the empty car 
and both used together when the car is loaded to say two-thirds 
or more of its rated capacity. 

2. Standard leverage arrangement for the " empty " brake- 
cylinder. 

3. Suitable connections, take-up mechanism, levers, etc., to 
form the connection and required multiplication of power from 
the additional " load " cylinder to the " empty " cylinder lever 
system. 

4. Valve mechanism, in addition to that required by the 
" empty " brake, for controlling the supply of air to and from the 
added or " load " brake-cylinder. 
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5. Semi-automatic change-over valve-mechanism for cutting 
the " load '" brake in or out either manually or under certain 
circumstances, automatically. 

6. Additional reservoir capacity to furnish the air supply 
for the " load " brake. 

The important problems entering into the operation of brakes 
on freight trains under present-day intensive traffic duty, for 
which the " empty and load " type of apparatus offers an ideal 
solution may be briefly stated as follows : 

1. The necessity for more braking power on loaded cars than 
afforded by the ordinary form of brake, in order to increase the 
tonnage which can be handled down long or heavy grades with 
safety. Locomotives of such power are now built, that it is pos- 
sible, in some localities, to haul heavier trains to the top of the 
grades than can be safely controlled down the other side with the 
standard brake. 

2. Trains of mixed loads and empties, especially long (50 
to 100 cars) trains, where it is physically impossible or economi- 
cally impracticable to arrange the empty and loaded cars in the 
train to the best advantage, thus adding greatly to the danger 
of the train parting or damage to the lading and equipment due 
to inequality of braking power in different parts of the train, 
when the brake is applied at some critical speed or locality. 

3. Locomotives oi great weight, but relatively low braking 
power, tending to increase the internal stresses in the train due 
to unequal retardation on dififrent cars in the train. 

4. The advent of large capacity cars, aggravating the differ- 
ences in retardation due to lading, so that the percentage of brak- 
ing power on such cars, when loaded, is reduced to a greater 
extent than on cars of lower capacity, for which the proportion 
of loaded to light weight is less. 

5. The requirement of operating both short and long freight 
trains with practically all air-brakes cut in. This, on a long 
train, with loads ahead and empties on the rear end, presents an 
operating problem difficult of solution with the old standard brake. 

PRINCIPLES OF TRAIN BRAKING AND BRAKE DESIGN. 

Throughout the foregoing description of the development of 
the various types of brake apparatus, occasion has been taken to 
explain at the same time the operating conditions and service 
requirements responsible for their being. While this has neces- 
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sarily involved some refei'ence to some of the fundamental prin- 
ciples underlying the proper application and operation of brakes 
as related to convenience, economy and safety in train control, 
there are certain limiting conditions and fixed laws which should 
be treated more specifically and in detail. This is not so much 
because the present state of the air-brake art exemplifies the appli- 
cation of these laws and principles to the complex demands of 
modern freight and passenger service, but rather because it is 
only by a careful study and sound working knowledge and ap- 
preciation of the significance of these laws that anyone is able 
to judge positively and accurately, on the one hand, the adapta- 
bility of, or necessity for, any new air-brake device, and on the 
other, what are the requirements to which any new device or 
method must conform in order to adequately and efficiently satisfy 
the requirements of new service conditions. 

starting and stopping. 

The problems of deceleration, retardation and the flexible con- 
trol of trains must receive more and more attention from a scien- 
tific and technical stand-point, in order that to-day theory and 
practice may be combined to produce the best results in the 
shortest time. This is necessary if the brake is tO' efficiently and 
satisfactorily meet the wonderfully changed conditions which 
have developed since the invention of the quick action, automatic 
brake. The high speeds and great weights of the present day 
requiring that advantage be taken of every opportunity offered 
to increase and flexibly control braking power. 

Starting and stopping of trains are complementary factors in 
the problem of making time between stations, therefore it is 
evident that the best results can only be obtained where both 
factors are given due consideration. Generally, the starting 
factor is the only one fully considered, or, at least, the one 
more fully provided for, and this notwithstanding that better 
results can be obtained if both are considered and the more 
efficient brake system installed. 

In another sense, the question of stopping is the most im- 
portant, as the safety of the service and the freedom of delays to a 
great degree depend upon it. The measure of the value of the 
brake is two- fold, — (i ) the ability to stop in the shortest possible 
distance when necessary; and, (2) to permit short, smooth and 
accurate stops being made in regular operation. Therefore both 
these factors should be considered when design is under way. 
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Unfortunately, the brake is usually looked upon as a safety 
device only, and it is because of the prevalence of this idea that its 
installation and maintenance do not receive the consideration 
merited. Considering the investment, there is no part of the rail- 
way equipment that will give greater material returns than the 
brake when properly installed, operated and maintained. If the 
brake could to some extent be separated from the idea or im- 
pression that it is a safety device only and proof advanced to 
show that it makes possible the hauling of heavier cars, — in fact, 
makes the heavy car possible, — ^that it makes possible, faster and 
more frequent service, — as much or more than does the locomo- 
tive, the block signal and the good roadbed, — and that, if given 
the consideration it should have, it would increase the possibili- 
ties, profits and value of all these things, — its importance would 
be more fully appreciated and, therefore, at least the same consid- 
eration be given to its design and installation that is accorded to 
other parts of railway equipment. A safety device, the brake is, 
par excellence ; but it has other reasons for its existence. 

Very few, perhaps, realize that the brake under a single car is 
much more powerful than the locomotive that pulls the train, yet 
this will be apparent to any who examines the records of a 
dynamometer car alone attached to an engine, the stops being 
made by brakes on the dynamometer car. Few realize that it 
takes a locomotive perhaps five minutes, perhaps ten minutes, and 
a distance of some miles, — six or seven, — ^to attain a speed of 
sixty miles per hour. Imagine the condition of affairs which 
would exist if it took a brake that length of time and distance 
to stop the train. The comparison is somewhat startling, but it 
is only because the condition is one of those commonplaces which 
have been taken for granted so long that they are accepted as in- 
herent rather than being given the degree of consideration which 
their significance warrants. Fig. 22 is an illustration of the facts 
stated, taken from the records of a run during a series of tests 
at Absecon, N. J., 1907, the train being composed of a locomotive 
and ten cars. What it took the locomotive nearly six minutes 
and a distance of about three and a half miles to accomplish was 
overcome by the brakes in less than twenty seconds and within 
a distance of about one thousand feet. The broken line repre- 
sents what the stop might have been if no brakes had been used, 
i.e., the train brought to rest by the resistance of the air, and 
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journal friction. All of the elements so strongly contrasted in 
Fig. 22 are familiar in themselves but their reciprocal relationship 
is often overlooked. The average passenger train of to-day can 
be stopped from a speed of sixty miles per hour in about twenty 
seconds' time. To build a steam locomotive that would accelerate 
a train in the time and distance that the brake stops it, would be 
impossible, for in order to have the necessary adhesion to the rails, 
which would permit of developing the required drawbar pull, 
the steam locomotive would have to weigh approximately twice 
as much as the train itself, which is, of course, prohibitive. Elec- 
tric locomotives, however, are no longer to be regarded with 
uncertainty or as mere experiments and there is every reason to 
believe that the electric locomotive will be able to accelerate a train 
to a speed of sixty miles an hour in certainly not more than a 
minute and a half, and probably not more than one minute's 
time. That means that the brake is going to be even more 
important in the future than it has been in the past. In propor- 
tion as we accelerate, we must perforce be prepared to decelerate. 
The ability to accelerate, or even to run at high speeds, must be 
measured by the ability to stop. 

As an example, however, of how little this is appreciated such 
a question as the following is often asked and a categorical answer 
apparently expected : " In what distance should a train be 
stopped from a speed of fifty miles per hour? " Perfectly simple, 
isn't it? Here we have one known factor, from which we are 
expected, apparently, to derive all the other factors which are of 
equal importance and must be known before an answer of any 
value can be given to such a question. A few of these factors 
are: the light weights and loads of the vehicles composing the 
train; the percentage of braking power used with engine and 
cars; whether or not all wheels, including truck and trailer (if 
any), of the locomotive were braked; what type of brake equip- 
ment was used ; what pressures were carried ; whether the train 
was accelerating or decelerating; on a curved or straight track; 
on an ascending or descending grade, or level; the condition of 
the rail ; whether the brakes were applied in service or emergency, 
or ordinary service and then emergency ; the piston travel on each 
vehicle : the losses tO' friction of parts, brake-beam release 
springs, etc. ; wind resistance ; quality and thickness of brake 
shoes and method of hanging them, for this affects materially the 
efficiency of the brake, both as to absorbing power and lengthen- 
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ing the piston travel which reduces the pressure otherwise ob- 
tainable. Furthermore, it should by no means be understood that 
the precise effect of each of these could be accurately calculated, 
even though full information were at hand, and a little thought 
will make it evident that each of the factors mentioned above may 
have a considerable influence on the length of the stop. 

These things are merely mentioned to emphasize the great 
importance of the air-brake and the necessity for considering 
carefully what principles govern its action. It does not make 
very much noise. It does not occupy sO' prominent a place in 
the papers as electricity, for instance ; yet it has been much more 
of a factor in railroad development up to the present time than 
electricity. 

I may be pardoned for asking you to form a comparison be- 
tween the propelling and stopping mechanism of our steam rail- 
roads. The locomotive is much in evidence, being large and 
of powerful appearance and placed in the most conspicuous place 
in the train. The brake is, outwardly, a comparatively insignifi- 
cant piece of apparatus, installed on the different vehicles of the 
train; placed underneath the cars where it is hard to find, and 
seldom observed by the traveller. The very fact that it is so dis- 
tributed over the train is one reason for its power and efficiency. 
When we- realize the forces handled by the twO' devices, and 
the great difference in point of time in which their work is 
accomplished, our respect for the brake will be stimulated, since 
it must be capable of dissipating the energy, stored by the loco- 
motive in the train, in but a fraction of the time required by the 
locomotive to do this, if the safety of transportation is to be 
preserved. 

FUNDAMENTAL PRINCIPLES IN BRAKE DESIGN. 

In the establishment of a logical basis of brake design, appli- 
cable to the conditions under which brakes in general must oper- 
ate and involving a determination of the essential elements of an 
elementary brake system for any given car, the starting point 
must be the light weight of the car. Fortunately this can usually 
be determined in advance to any desired degree of accuracy. For 
convenience, suppose the car to be fully equipped with a complete 
brake equipment and by an analysis of the factors involved in 
stopping the car, determine how these factors may best be pro- 
vided for in the design. 
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Assuming that the wheels do not skid, the actual braking 
force acting on a car when the brakes are applied is the force of 
the friction between the brake-shoes and the wheels, tending to 
retard the rotation of the wheels and thus stop the car. The 
relation which this bears to the energy stored up in the moving 
car, provided the " adhesion " of the wheel to the rail is not 
exceeded, determines the effectiveness of the brake and the length 
and time of stop. The energy of the moving car consists of two 
parts — that of the car as a whole due to the velocity of trans- 
lation, and that of the revolving wheels, due to their rotation, and 
varies as the weight of the car and as the square of its velocity. 

The latter may roughly be taken as 5 per cent, of the energy 
of translation for 12-wheel cars and as 2 per cent, of the energy 
of translation for 8-wheel cars. In ordinary calculations, how- 
ever, this factor is usually neglected, and properly so, because for 
modern rolling stock the resistances other than as derived from 
the brakes, such as internal friction, air resistances, flange friction 
and so on, has been shown by actual experiment to at least equal 
if not exceed the inertia effect of the revolving parts. Conse- 
quently a greater error is made by considering the energy of 
rotation without at the same time taking into account the resist- 
ances to motion which exist due to other causes than the brake- 
shoes (which, it should be noted, are usually indeterminate and 
subject to considerable variation) than to assume that these two 
opposing factors neutralize each other. 

The frictional force between the brake-shoes and wheels de- 
pends on the pressure acting on the shoes and the coefficient of 
friction between the shoes and the wheels. In making a stop, 
therefore (it being assumed throughout that the wheels do not 
skid), the factors involved, so far as retarding the rotation of 
the wheels is concerned, are : 

1. The total amount of brake-shoe pressure in pounds, com- 
monly called the " braking power." 

2. Coefficient of friction between the shoes and the wheels, 
by which the brake-shoe pressure must be multiplied in order to 
determine the actual retarding force. 

3. The weight resting on the wheels. 

4. The velocity of the car. 

5. The rotative energy of the wheels. 

Only one of these factors can be controlled even partially in 
service or fixed arbitrarily in designing the brake system, viz.. 
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the pressure on the brake-shoes. Inasmuch as the wheels must 
not skid when the weight resting on the wheels is least, — that is, 
when the car is not loaded, — the light weight of the car must 
be taken as the basis of calculation regarding brake-shoe pres- 
sure, except in the case of some form of " empty and load " brake. 
Since the " braking power " is, by custom, measured by a scale 
of percentages wherein 100 per cent, represents a shoe pressure 
on each wheel equal to that wheel's pressure on the rail, the 
problem is then to determine and insure the obtaining of the 
proper relation between the brake-shoe pressure and the light 
weight of the car. 

As pointed out above, the factors involved, such as frictional 
coefficients, speed, weights, etc., are so subject to variation in ser- 
vice that no theoretical conditions can determine the proper nomi- 
nal percentage braking power (i.e., the ratio of brake-shoe pres- 
sure to light weight of car), which shall best meet average road 
conditions. This can be fixed only by experiment and experience 
and is subject to modifications as conditions change or become 
more thoroughly understood. For example, many years' experi- 
ence has proven that 90 per cent, braking power for passenger 
cars gives satisfactory braking effects with a reasonable margin 
against wheel sliding and sufficient power for service stops. This' 
was determined by the results obtained on the lightest cars. So- 
far as wheel sliding is concerned, a 1 50,000-pound car. braked at 
gS/4 per cent, has practically the same margin against wheel 
sliding as a 70,000-pound car braked at 90 per cent. But if the 
percentage of braking power is varied, the uniformity of service 
braking effect, other factors being the same, is lost. Therefore, 
the percentage of braking power determined as a satisfactory 
maximum for the lightest cars must be adhered to on all cars, in 
order to bring about as nearly as possible the uniform results 
which are necessary for satisfactory service operation. 

Having, therefore, chosen a certain percentage of braking 
power which should be obtained on all cars, it is evident that what 
actually is obtained, in any given instance, depends on the total 
leverage ratio and the pressure per square inch on the brake- 
piston. It will be apparent that all resistances between the brake- 
piston and brake-shoes, such as release springs, reactions of 
hanger links, friction of rigging, etc., must necessarily be ignored 
until the essential factors in the design are determined upon. 
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The total leverage ratio is fixed within certain limits by purely 
mechanical consideration, with regard to piston travel, shoe 
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clearances, etc., and once the foundation brake rigging is de- 
signed, remains always the same. 
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Hence in any given case the percentage of braking power ac- 
tually obtained depends entirely on the pressure existing in the 
brake-cylinder, which varies in practice from zero to the maximum 
obtained when an emergency application is made. 

In designing the brake system for a car, therefore, the leverage 
ratio and size of brake-cylinder must be so proportioned as to 
give the required braking power in pounds, with some arbitrarily 
chosen pressure in the brake-cylinder. Evidently this braking 
power will be obtained in practice when the brake-cylinder pres- 
sure is that on which the design of the brake system was based. 
For any pressure lower or higher than this, the braking power, 
in pounds, will be correspondingly lower or higher than the 
nominal. Furthermore, the actual percentage of braking power 
(ratio of brake-shoe pressure to weight on wheels) varies not 
only with the brake-cylinder pressure but also with the condition 
of the car, — whether loaded or empty. 

From a consideration of these conditions it seems evident 
that it is practically impossible to provide for even an approximate 
uniformity of brake action on different cars in service by any 
method of design. The best that can be done is to establish and 
adhere strictly to the assumed standards upon which such designs 
are based. 

1. The " percentage of braking power " in terms of the light 
weight of the car. 

2. The brake-cylinder pressure upon which this percentage is 
based. 

The former, as has already been stated, must be determined 
from experiment and experience. The latter must be chosen 
arbitrarily, but it should have the same value for all brake cal- 
culations, in order to insure a common base being universally used 
and understood. Fig. 23 graphically illustrates the relations exist- 
ing between these two factors for different weights of cars and 
total leverage ratios. The question now is, therefore, " What 
brake-cylinder pressure should be used as a basis in designing 
the brake systems of all types and classes of cars ? " 

With a given auxiliary reservoir charged to a standard pres- 
sure, and with a given brake-cylinder having standard piston 
travel, a certain definite pressure of equalization is obtained, 
which is constant so long as the other factors involved are kept 
constant. 

When an emergency application is made, since a portion of 
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the air in the brake-pipe or other source of supply is used in 
addition to that in the auxiliary reservoir, the resulting brake- 
cylinder pressure is augmented in proportion, and a higher maxi- 
mum pressure therefore obtained. Evidently its value must de- 
pend upon the relation which the supplementary brake-pipe vol- 
ume bears to that of the auxiliary reservoir and brake-cylinder 
combined. With equipments now in general use this ratiO' must 
necessarily decrease as the size of the car increases because the 
brake-pipe volume remains practically constant for all sizes of 
cars, while the brake-cylinder and auxiliary reservoir volumes 
increase as the size of the car increases. It then follows that 
where air from the brake-pipe alone is used to augment the 
brake-cylinder pressure in emergency applications, the emergency 
pressure thus obtained must vary with the different combinations 
of auxiliary reservoir and brake-cylinder necessary for different 
sizes of cars — the gain in pressure from this source over that 
obtained in full service equalization being greatest with the 
smallest sizes of auxiliary reservoirs and brake-cylinders. 

Hence, in choosing a brake-cylinder pressure on which to 
base brake calculations, that obtained in emergency, which was 
satisfactory where the brake-cylinders were of such size that a 
uniform pressure was obtained in both service and emergency, 
is now excluded at the outset, — from the stand-point of uniform- 
ity, — since in the nature of the case it is not uniform for all 
weights of cars. This is for the reason that brake-cylinders may 
vary from 6 inches to i8 inches diameter with correspondingly 
varying pressures in emergency. And if the braking power 
desired is based on a brake-cylinder pressure higher than can 
actually be obtained, then for lower cylinder pressures the brake 
is not so effective as it might be made, were the braking power 
based on the pressure actually obtained. The smaller cars which 
do obtain this pressure, give the calculated braking power in 
emergency, but the heavier cars cannot, and there is a loss, both 
in uniformity of emergency action and possible efficiency. 

On the other hand, for brake-pipe reductions less than suffi- 
cient to produce equalization, the cylinder pressures obtained are 
uniform, provided the other factors are uniform in value and the 
pressure at which the auxiliary reservoir and brake-cylinder 
equalize is supposed to be the same for all combinations of reser- 
voirs and cylinders, with the same initial pressure. To obtain 
this uniformity it is only necessary to properly proportion the 
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reservoir volume to the brake-cylinder volume for some standard 
piston travel. We then have a pressure base which will be con- 
stant when the other factors involved have their proper or stand- 
ard values. It would seem that this is the basis to which all 
braking power calculations should be referred, for the reason that 
it is the nearest approach to a uniform and constant pressure 
obtainable under the wide range of conditions governing this 
choice. This adds to the standard enumerated on the preceding 
page, the following: 

3. This brake-cylinder pressure must be the equalized pressure 
on the auxiliary reservoir and brake cylinder. 

4. A predetermined ratio between auxiliary reservoir volume 
and brake-cylinder volume to produce this equalization must be 
adhered to. 

The fundamental steps in designing a brake system for any 
given car may now be outlined as follows : 

Given the light weight of the car the proper braking power 
per cent, has been established from results of experiment and 
experience and this enables the total brake-shoe pressure to be 
calculated. 

Mechanical considerations fix the total leverage ratio between 
certain limits, the maximum and minimum values of which 
enable a maximum and minimum total brake-piston pressure to be 
calculated from the preceding. 

This total brake-piston pressure depends upon the size cylin- 
der and pressure per square inch used as a basis. The pressure 
basis to be used should be that agreed upon as a universal stand- 
ard, for such calculations as this, and, as has already been 
pointed out, uniformity requires that the equalization pressure 
(50 pounds per square inch), from the lowest standard brake- 
pipe pressure carried, should be the base chosen. 

Having determined the unit pressure, the size of cylinder can 
be chosen from the standard sizes manufactured to give the de- 
sired braking power with a total leverage within the maximum 
and minimum limits as defined above. 

To obtain the desired 50 pounds equalization pressure from 
the standard 70 pounds brake-pipe pressure with a standard piston 
travel, is simply a matter of correctly proportioning the auxil- 
iary reservoir volume to that of the brake-cylinder at the piston 
travel employed as standard. 

We then have an auxiliary reservoir which, at 70 pounds in- 
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itial pressure, will equalize with its brake-cylinder, when this has 
eight inches piston travel, at 50 pounds, and the brake-cylinder 
piston is of such an area that the total pressure thus obtained, 
when multiplied by the total leverage, will give a total brake-shoe 
pressure equal to the desired percentage of the light weight of 
the car. 

To be sure, in an emergency application, the braking power on 
all cars will be greater than that used in the design, and the lighter 
the car the greater the variation between service and emergency 
braking powers. But such non-uniformity in actual service is 
bound to obtain, and always has, since an increase to 90 pounds 
brake-pipe pressure, or a variation in piston travel produces simi- 
lar results, to say nothing of losses due to leakage, resistances 
and variations in frictional coefficients. The advantage gained, 
however, by the method of design outlined is, therefore, in the 
fixing of a uniform and actually obtainable brake-cylinder pres- 
sure, which is necessary for service operations and is one of the 
most important factors in the calculation to be made. 

It may be said in passing that with the more recent types of 
brake-equipments for passenger service, using a supplementary 
reservoir volume, in addition to that of a brake-pipe tO' produce 
high emergency brake-cylinder pressure, the size of supplementary 
reservoir used is calculated to give practically uniform brake- 
cylinder pressures in emergency applications with all sizes of 
brake-cylinders, thus taking advantage of the principle of high 
pressures for emergency stops and at the same time conforming 
to the principles of uniformity laid down above, it being a funda- 
mental principle of modern brake design to keep the service 
equalization brake-cylinder pressure comparatively low, for 
reasons fully explained elsewhere, and use as high an emergency 
equalization pressure (as large a supplementary reservoir), as 
may be desirable. 

In the attempt to secure a high emergency brake-cylinder pres- 
sure without the aid of the supplementary reservoirs referred to 
above, the relationship between brake-cylinder and auxiliary reser- 
voir volumes existing in the original brake design was gradually 
lost ; the auxiliary reservoir volume being increased slightly, from 
time to time, as heavier cars, requiring larger brake-cylinders, 
were equipped. On the lighter equipment the variations thus 
introduced were relatively unimportant, but in the case of heavy 
cars, requiring the 16-inch and 18-inch cylinders, it was im- 
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possible to increase the auxiliary reservoir volume sufficiently 
to obtain the desired emergency pressure, without at the same 
time interfering to a marked degree with the proper operation 
of the equipment in service. Consequently, a compromise was 
made, so as to obtain as high an emergency cylinder pressure as 
possible without increasing the service equalization pressure to an 
extent inconsistent with the proper normal functions of the brake. 

By the aid of a supplementary resei^voir volume, however, re- 
served during service operation, but available in emergency appli- 
cations of the brake, it is now possible to obtain the required 
increase in stopping power for emergencies and at the same time 
return to the original volume relationship, the correctness of 
which has been established by long experience. 

These relationships are detemiined by the following prin- 
ciples, which will be recognized at once as having been followed 
in even the earliest automatic-brake designs. 

(A) For any given arrangement of leverage between the 
brake-cylinder piston, and the brake-shoes, the " braking power " 
is directly proportionate to the gage pressure of air produced in 
the brake-cylinder. 

(B) The limitation of the maximum allowable pressure of 
air in the brake-pipe limits thereto the available pressure in 
the auxiliary reservoirs. 

(C) With this fixed maximum charge in the auxiliary reser- 
voir, the highest pressure obtainable in the brake-cylinder from 
this single source is that at which the air pressure equalizes be- 
tween the two. This (absolute) pressure, therefore, equals the 
product of the initial absolute pressure in, and the volume of the 
auxiliary reservoir divided by the sum of, the volumes of the 
auxiliary reservoir and of the brake-cylinder (neglecting all 
clearance volume, temperature effect, etc. ) , and the " braking 
power " is as the corresponding gage pressure. 

(D).This pressure of equalization should be limited because 
its height determines the range of those differences between .final 
auxiliary reservoir pressure and initial brake-pipe pressure, which 
range affords the control of " braking power " applied. 

(E) That while low pressure of equalization limits " full 
service " pressure, yet small range precludes nicety of control, 
especially as from the range there must be deducted such initial 
differences of pressure as are necessary to overcome the inertia 
and friction of the triple valve parts. 
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(F) That to afford heightened brake-cyhnder pressure for 
use in emergency another quantity of air is necessary, and if 
this be, as in all past practice, that contained in the brake-pipe, 
the resulting absolute pressure will be equal, theoretically, to the 
maximum absolute brake-pipe pressure multiplied by the volume 
of the auxiliary reservoir plus the amount of air, in cubic-inch- 
pounds, obtained from the brake-pipe, this sum then divided by 
the volume of the auxiliary reservoir plus that of the brake- 
cylinder, so that the measure of the resulting braking pressure 
is the gage pressure corresponding to this resulting (absolute) 
pressure. 

Now, it is the interdependence and reactive results of these 
simple and recognized principles in their combinations together 
with a corresponding proportioning of leverage between the 
brake-cylinder piston and the brake-shoes that determine the 
relative efifrciency of a brake design. 

From (F) it is seen that if other parts be enlarged the 
volume of the break-pipe, which is practically the same on all 
cars, becomes relatively small and the emergency pressure sought 
is so insufficient that in the equipments for heavy rolling stock 
resort has been had to enlarged auxiliary reservoirs with a corre- 
spondingly heightening of the " full service " pressure (C), and 
a resulting lessening of the range of control (D) . 

Again when (C) is heightened while (D) is lowered, the re- 
sults of the lighter brake-pipe reductions cause magnified effects 
in the service braking, so that, when it is realized that such 
range as is possible is lessened by the lack of sensitiveness of the 
triple valve (E), there is likelihood of roughness of service stops. 

Such being the case, it is apparent : 

1. That there is a ratio of volume of auxiliary reservoir to 
that of brake-cylinder that should not be exceeded. 

2. That such sei-vice pressures as result in the brake-cylinder 
should be made sufficient by a corresponding proportioning of the 
leverage. 

3. That the volume of each car's part of the brake-pipe should 
be supplemented by proper means so as to afford the required 
braking pressure in emergency. 

Starting, therefore, with a brake-cylinder of the size dictated 
by the vehicle to be equipped, as already explained, and by a 
proportioning of the leverage which shall accord with the service 
required, and assuming that 
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C. equals volume of brake-cylinder, in cubic inches ; 

P equals service equalization pressure, in absolute units ; 

R equals volume of auxiliary reservoir, in cubic inches ; 

a equals absolute initial pressure in the auxiliary reservoir ; 

r equals permissible range of brake-pipe reductions ; 

it follows first, from the above definitions, that 

r=a-P 

and from (C) above, neglecting clearance volumes: 





R + C 


from which 






^- a-P'"'' 




= ^XC 

r 



which may be expressed in the following law : 

The proper auxiliary reservoir volume, according to the prin- 
ciples laid down above, is equal to the volume of the brake cylin- 
der determined upon multiplied by the ratio of the service equal- 
ization pressure fixed upon as standard to the permissible range 
of brake-pipe reductions. 

Assuming, as in current practice, that P equals 50 pounds 
per square inch (gage) and a equals 70 pounds per square inch 
(gage), then we have 

'■ = a — P = 20 pounds, 

and 

p 

R=~XC 

r 

= ^XC 
20 

=s\y.c. 

That is, the volume of the auxiliary reservoir should be three 
and a quarter times the volume of the brake-cylinder. It is plain, 
however, that the effect of the clearance volumes, leakages, tem- 
perature, and other adverse influence will be such that to obtain 
the desired results in actual service a somewhat higher auxiliary 
reservoir volume must be used than that found by the above 
calculations. For example, with the standard 8-inch equipment, 
an auxiliary reservoir volume of 1620 cubic inches is used, which 
is about three and one-half times the brake-cylinder volume. 
In determining the proper size of supplementary reservoir 
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(F) to be used a similar reasoning may be used. In addition to 
the symbols already defined, let 

S = volume of supplementary reservoir in cubic inches. 

E = absolute emergency equalization pressure. 

Assuming for the purposes of calculation that the emergency 
pressure is the result of the equalization of the brake-cylinder, 
auxiliary reservoir and supplementary reservoir volume, it follows 
that 

a(R + S) 
R+S+C ' 

whence, by proper substitution and reduction, is derived 

r (a — E) 

While the above expression is interesting as showing the sim- 
ple relation which exists between the various volumes involved 
in the typical equipment as we have assumed it, it must be clearly 
understood, first, that all the additional air supply in emergency 
is supposed to come from the supplementary reservoir, having 
taken no account of that vented from the brake-pipe ; and second, 
that in any actual installation similar to that discussed, the equal- 
ization is dependent upon the movement of certain valves actuated 
by spring and air pressures in combination, the resultant effect of 
which is such that in the actual working equipment the state of 
affairs is by no means as simple as has been assumed for the 
typical equipment. Instead of equalization taking place between 
all the volumes concerned simultaneously, there are time limi- 
tations imposed on the rate of flow from the various sources of air 
supply to the brake-cylinder, so as to derive the maximum pos- 
sible benefit from the compressed air stored in each. There is 
also a material modification of these calculated results, due to 
the processes not being truly isothermal, as assumed, and so on. 
Proper allowance being made for these limitations, a formula 
might be derived, in the same manner as above, to completely 
cover the more complicated conditions, but as only the principles 
involved are now being considered it is unnecessary to go further 
into details, particularly as these are accurately determined by 
experiment. 

In the above analysis, as is necessarily the case with all 
theoretical considerations relative to mechanical apparatus of this 
character, certain assumptions were made to furnish a basis from 
which to start. Hence, it should always be remembered that the 
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formulae derived must be interpreted, for any given case, in the 
light of the modification of these primary assumptions which the 
nature of the installation or the character of the apparatus used, 
may involve. With this understanding, the above reasoning 
affords a logical and sound theoretical basis, not only for deter- 
mining the correct proportions of new^ types of equipment, but 
also establishes a criterion, by means of which the shortcomings 
of incorrectly designed installations may be discovered. 

brakes for electric traction service. 

It would hardly be proper to conclude without mentioning the 
fact that the electric traction service has required even more 
specialized apparatus than that already mentioned in connection 
with steam-road service on account of the great variety of condi- 
tions under which electric cars operate from the single city street 
car up to the 8- and lo-car subway and elevated trains, to say 
nothing of the electric locomotive and multiple unit train service 
on electric division or steam railroads. It can easily be appreci- 
ated that these phases of the subject are of even greater magnitude 
and requires a greater variety of apparatus and complexity of de- 
tail than in the case of steam-railroad service. Consequently, no 
more can be said at this time than to simply state the fact that 
the multiplicity of requirements has been anticipated and provided 
for to the extent that the high standard of efficiency already out- 
lined to you has been maintained without any compromise or 
failure to meet the requirements of the service. In one particu- 
lar, at least, the highest type of brakes, for electric service, 
namely, the Electro-Pneumatic Systein, afifords superior stopping 
power and service efficiency, since its electric transmission of 
quick action insures simultaneously and almost instantaneously 
maximum braking power on all cars in the train, while for service 
braking, it possesses the maximum flexibility of control, possible 
only in an electrically actuated brake system. This brake there- 
fore possesses superior features which are particularly note- 
worthy whether they are considered from the stand-point of the 
time saved, the increased traffic made possible, or the safety in- 
sured. At the present time, this type of equipment appears to be 
the acme of the braking art, but as past experience has always 
shown, the same time which brings about changes in operating 
conditions is also sure to develop new and more efficient means 
for meeting new requirements. 
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